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Abstract 
An attempt was made to determine the effects of post-training 
strychnine treatment on the retention of specific memory attributes 
over extended temporal intervals. Heterogeneous strain (Binghamton 
HET) mice were given two training trials (1 trial per day) on a dis-
crimination problem for which there was two relevant redundant stim-
ulus cues, a brightness cue and a spatial-sequence cue. Immediately 
after the second training trial, mice were administered intraperiton-
eal injections of either strychnine sulphate (1 . 0 mg/kg) or physio-
logical saline. After retention intervals of either 1, 3, or 27 days, 
mice were tested under either complete cue reversal (both training 
cues were reversed), partial cue reversal (one training cue was re-
versed while the other cue remained unchanged ) , or relearning condi-
tions (both training cues were unchanged) . 
On the oasis of subjects' performance upon initial exposure 
(first retention test trial) to cue reversal conditions, it was shown 
that stry chnine had enhanced the memory of specific rather t han more 
general-contextual aspects of the training situation. Stry chnine-
treated mice exhibited significantly greater impairment of initial 
test performaT-ce than saline-treated mice, VThen both cues were rever-
sed during retention testing. Secondly, strychnine was shown to select-
ively enhance the memory of the brightness cue; the initial test perfor-
mance of strychnine-treated mice was more i~paired when the brightness 
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cue rather than the spatial-sequence cue was reversed during retention 
testing. No significant differences in initial test performance were 
observed between saline-treated mice as a function of which cue reversed 
during retention testing. Thirdly, the effects of post-training strych-
nine treatment appeared to be relatively short-lived or, at least, mask-
ed by whatever ~orgetting may have occurred over t he 7 and 21 Day reten-
tion intervals. It was suggested that, while strychnine treatment may 
have strengthened specific memory attributes, strychnine may not have 
other-vrise aff ected the rate of forgetting of specific memo!"'J attributes. 
The possibility was also raised that strychnine treatment may bias the 
manner in which the memory of a learning event is processed, in such a 
way that t h e memory may be less accessible for retrieval after long 
retention intervals. 
Finally, because a progressive decrease in negative t rans f er '\vas 
observed, as a function of retention interval duration, when mice were 
tested under cue reversal conditions, it was suggested that forgetting 
of specific memory attributes had occurred. In comparison, relatively 
little f orgetting was indicated by the performance of mice on a re-
learning task. The discrepancy b et>veen these findings I•Ias argued to 
reflect the relative insensitivity of a relearning task as a measure 
of retention. 
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Various investigators (e.g., McGaugh, 1973) have proposed that 
strychnine sulphate and other central nervous system (CNS) stimulants 
enhance the memory of learning experiences. The facilitorJ effect of 
strychnine on memory has been inferred from the finding that animals, 
administered sub-convulsive doses of strychnine shortly after a learn-
ing experience, tend to exhibit enhanced performance on subsequent re-
tention trials (e. g . , McGaugh and Krivanek, 1970). For the most part, 
such findings have been attributed to a strychnine-induced e~ancement 
of the neurobiolo gical mechanisms underl y ing memory storage processes 
(Dawson and McGaugh, 197 3) . This supposition, however, has ~ot been 
entirely free from debate. Some investigators (e.g., Thiessen, Schle-
singer, and Clhoun, 1961; 1-Ihishaw and Cooper, 197 0) have argued that 
the facilitory effects of strychnine on retention test performance may 
not necessarily represent an effect of strJ chnine o n associative pro-
cesses, but rather, may represent an effect of stry chnine on various 
non-associative processes, such as attention or motivation , 1-.rhich 
influence the performance of a learned response. Because t h is contro-
versy underscores one of the most fundamental issues t h at must be ad-
dressed in t h is area of research, it would be useful then to review 
some of the methodolo gical problems and g eneral findings of this area 
of research b e fore detailing the specific concern s of t h e present stud-
ies. 
Lashley (1917) was the first to suggest that strJchnine may have 
a facilitory influence on learning and memory processes. Rats, that 
were administered stry chnine 10 minutes prior to each d~ily training 
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session in a maze, required significantly fewer trials to attain a 
learning criterion than control subjects that were administered injec-
tions of distilled water. Lashley's discovery was not pursued in earn-
est until the late 1950's, when McGaugh and his associates ( McGaugh, 
1959; McGaugh and Petrinovich, 1959) "reactivated" interest in the 
potential implications of Lashley's findings. While McGaugh and Pet-
rinovich (1959) and other investigators (e. g., McGaugh and Thomson, 
1962; Petrinovich, 1963) demonstrated that pre-training i njections of 
strychnine facilitated acquisition performance on a number of di f ferent 
behavioral tasks, these early studies did not constitute an unambiguous 
demonstration of the effects of strychnine on learning and memory pro-
cesses. 
Methodological Problems. The f act that, in these and many other 
early studies, animals were administered drug treatments prior to train-
ing precludes a clear interpretation of the effects of drug trea t ment 
on two accounts. First, it is impossible to determine whether_·the ob-
served facilitoyY ef fects of strychnine were the result of a strychnine-
induced enhancement of learning and memory processes, or resulted from 
some proactive influence of strychnine on attentional, motivational, or 
other non-associative processes. For example, when strychnine is admin-
istered prior to training, the facilitory effects on acquisition perf or-
mance have been interpreted, in some cases, to be a result of a stry ch-
nine-induced alteration of subjects' sensitivity to reinforcement con-
tingencies or a strychnine-induced depression of competing response 
3 
tendencies. ·dhishaw and Cooper (1970), for instance, have argued that 
Lashley's findings could be attributed to a depression of exploratory 
activity by stryc·hnine rather than a direct enhancement of maze learn-
ing. Interpretation is further complicated when response latency is 
the principal dependent measure used in studies of strychnine-induced 
facilitation. In addition to the finding that strychnine-treated ani-
mals tend to exhibit longer latencies in maze tasks (Lashley, 1917; 
McGaugh and Petrinovich, 1959), strychnine also has been shown to de-
press open field activity (Theissen, Schlesinger, and Calhoun, 1961) , 
home cage activity (Calhoun, 1965) and general exploratory activity 
(Theissen et al., 1961; Wishaw and Cooper, 1970). 
Secondly, the practice of pre-training drug treatments also pre-
cludes a clear distinction between the effects of strychnine on the ini-
tial acquisition of stimulus information and the effects of strychnine 
on memory processes. Further, when strychnine is administered prior 
to both training and test sessions, it is unclear whether enhanced re-
tention test performance in these situations represent the result of 
strychnine-induced enhancement of post-training memory processing or 
state-dependent learning (e.g., Overton, 1971). 
In more recent studies, investigators have attempted to minimi z e 
these types of interpretive problems by administering drug injections 
at various intervals after training, and then testing subjects 24 to 
48 hours after drug treatment. Under these conditions, facilitated r e-
tention test performance cannot be attributed to an eff ect of st~Jch­
nine on t h e initial acquisition of information, because the drug treat-
/ 
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ment is administered after the learning experience. Further, because 
strychnine is rapidly metabolized and should be completely eliminated 
from the animal's system within 24 hours (cf. Franz, 1975), enhanced 
retention test performance should reflect a retroactive influence of 
strychnine on the memovy of prior training rather than state-depend-
ent retention or non-specific proactive effects of strychnine on re-
tention test performance. 
~lli ile these assumptions have met with general acceptance, it should 
be noted t hat there have been some reports which have suggested that 
proactive effects of strychnine and other CNS stimulants may persist 
over drug treatment-test intervals of 24 to 72 hours. Cooper and Krass 
(1963) reported that strychnine-injected rats exhibited a faster rate 
of acquisition on a shock motivated maze task than blank-injected con-
trols, even when rats were tested 72 hours after drug tr.-eatm.ent. It 
is not clear, ho\vever, that Cooper and Krass demonstrated a proactive 
effect of strychnine. Cooper and Krass gave rats extensive (2 weeks) 
training on a "practice problem" in the maze prior to drug treatment, 
an& as such, t h is introduces the possibility that the facilitated per-
formance on the new (test) problem may have been due to enhanced posi-
tive transfer from prior training. Furthermore, Greenough and McGaugh 
(1965) failed to replicate Cooper and Krass' findings. In most of the 
other cases in which 24 hour proactive drug effects have been noted 
(Bauer, 1972; Bauer and Duncan, 1971), the general finding has been 
that proactive drug effects were observed only for animals that had 
received repeated daily drug injections (typically for 10 to 20 days) 
/ 
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prior to testing. 
These latter types of findings raise another possible methodolo-
gical problem, i.e., the potential cumulative effects of repeated drug 
injections. This problem is of some concern, given that, in most cases 
in which post-trial injections of strychnine or oth er CNS stimulants 
have been shown to facilitate retention test performance, subjects were 
administered repeated daily drug injections during the course of train-
ing. Some caution in this regard has been suggested by a recent find-
ing by Izquierdo, Fernandez, Olivera, and Settineri (1975). These in-
vestigators observed that, when rats were administered dail y injections 
of ini~ially : sub-convulsive doses of strychnine (1.0 mg/ kg), pentylene-
tetrazol (30 mg/kg), or picrotoxin (1.2 mg/kg), rats eventually exhi-
bited clonic convulsions to the same dose of these agents after 10 to 
20 injections. iffiile the basis of these findings is not clear at pre-
sent, these results suggest a possible cumulative effect of repeated 
drug injections. As such, the distinction between possible proactive 
and retroactive effects of post-trial administration of CNS stimulants 
may become obscured when drug injections are administered throughout 
the course of training. 
These methodological problems have been the central focus of much 
of the debate regarding the interpretation of the effects of stry chnine 
and other CNS stimulants on retention test performance. Hhile the re-
sults of many of the earlier studies have been sub ject to alternative 
interpretations, more recent studies (e.g., Gordon and Spear, 1973) 
have adequately addressed many of t h ese methodolo gical problems. I n 
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these cases, a .. clear distinction was provided between possible proactive 
and retroactive effects of st~Jchnine, in that no facilitory effects of 
strychnine were observed for non-trained control animals, administered 
strychnine 24 hours prior to testing. Furthermore, facilitory effects 
of strychnine were observed when animals received only a single post-
training injection of strychnine. 
The Generality of Drug Facilitation. ~ -lhile these methodological 
considerations must be kept in mind, it also should be noted that a 
rather persuasive case has been advanced for the generality of the basic 
facilitation phenomenon. Post-trial strychnine treatments have been 
shown to facilitate maze learning (e. g., McGaugh, Thomson, iff est brook, 
and Hudspeth, 1962), brightness discrimination learning (e.g., Kriva-
nek and Hunt, 1967; McGaugh and Krivanek, 1970), sensory precondi tion-
ing (Humphrey, 1968 ), and the learning of an "oddity" problem (Hudspeth, 
1964). Furthermore, st~Jchnine-induced enhancement has been demonstrat-
ed in test situations in which either appetitive or aversive reinforce-
ment contingencies were in effect. Suggestions that the facilitory 
effect of strychnine may be due to a proactive influence on response 
latency have been countered by the fact that both passive (?ranchina 
and Moore, 1968) and active avoidance learning (Bovet, McGaugh, and 
Oliverio, 1966) have been shown to be enhanced by post-trial strychnine 
treatment. 
While the effects of strychnine on memory processing have been 
studied more extensively than the effects of other CNS stimulants, a 
/ 
7 
similar pattern of results emerges when these other agents are employ-
ed. Post training administration of picrotoxin (Breen and McGaugh, 
1962), pentylenetetrazol (Krivanek, 1971), 5-7-diphenyl-1-3-diazada-
mantan-9-ol (McGaugh, \~ estbrook, and Thomson, 1962), amphetamine (Evan-
gelista and Izquierdo, 1971), and caffeine (Garg and Holland, 1967) 
all have been shown to enhance retention test performance. As with 
strychnine, the facilitory effects of these other agents have been 
demonstrated in a variety of behavioral test situations (cf. Calhoun, 
1971; McGaugh, 1973). 
Factors Affecting Drug-Induced Facilitation. There are, however, 
limits to the apparent generality of these findings. Some failures to 
obtain drug-induced facilitation have been reported (Carlson, 1966; 
Louttit, 1965; Oglesby and ·.1inter, 1974; Pearl and McKean, 1967; Prien, 
Wayner, and Kahan, 1963; Shaeffer, 1968 ; Stein and Kimble, 1966). While 
these negative findings do question the generality of the phenomenon, 
these findings may be indicative primarily of subject and/or procedural 
differences between studies. Petrinovich (1967) has suggested that 
many of these negative findings may be attributed to the use of an in-
appropriate or non-optional drug dosages for inducing facilitation of 
retention test performance. Responding specifically to Louttit's (1965) 
finding, Petrinovich demonstrated that post-trial administration of 
strychnine enhanced the retention test performance of Long-Evans rats, 
but only when the rats were administered a low dose (0.125 mg/kg) of 
strychnine. 
8 
In studies, in which the effects of a wide range of different dose-
levels have been investigated, the facilitory effects of strychnine and 
other CNS stimulants have been shown to be dose-dependent. McGaugh and 
Krivanek (1970), for example, reported enhancement of brightness discri-
mination learning for Swiss i febster mice administered either low ( 0 .025 
mg/kg) or high doses (1.0 and 1.25 mg/kg) of strychnine after each train-
ing trial; no facilitory effect of drug treatment was observed for mice 
administered intermediate dose levels (0.20 to 0.80 mg/kg) of strychnine. 
The optimal doses for facilitation, however, have been found to va~J as 
a function of strain differences and training conditions. 
McGaugh and his associates (e.g., McGaugh, Thomson, Westbrook, and 
Hudspeth, 1962) have reported differential effects of strychnine and 
5-7-diphenyl-l-3-diazadamantan-9-ol (1757 IS, a synthetic compound which 
has similar effects on CNS neural activity as strychnine) between the 
Tryon s1 (maze bright) and Tryon s3 (maze dull) rat strains. In some 
cases (e.g., Westbrook and McGaugh, 1964), sex differences have been ob-
served to correlate with differential effectiveness of drug treatment. 
The nature of these differences, however, was not consistent across 
studies. Garg and Holland ( 1967) and Garg ( 1970) also have reported dif-
ferential facilitory effects of nicotine and picrotoxin between the Maud-
sley reactive and non-reactive rat strains, with greater facilitation 
observed for the ~1audsley reactive strain. 
Similar differences in the effectiveness of drug treatment have been 
observed between various inbred mouse strains. Krivanek and f-1cGaugh ( 1968 ) 
noted differences in terms of the optimal facilitory dose of penty lenete-
/ 
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t ·razol behreen Balb/c and C57BL/6 mice, \-lith maximal facilitation ob-
served for Balb/c mice at the 5 mg/kg dose and at the 10 mg/kg dose for 
C57BL/6 mice. At the 20 mg/kg dose, pentylenetetrazol was found to im-
pair the retention test performance of Balb/c mice but not C57BL/6 mice. 
Castellano (e.g., 1976, 1977) has reported differential and often oppo-
site effects of post-trial nicotine and caffeine administration between 
the Balb/cJ, DBA/2J, and C57BL/6J strains. For example, post-trial ad-
ministration of nicotine (0.5 mg/kg) enhanced brightness discrimination 
learning by C57BL/6J mice but impaired the test performance of DBA/2J 
mice (Castellano, 1976). Comparisons between control animals, however, 
revealed that these two strains differed in terms of rate of learning, 
with the DBA/2J strain observed to have a faster rate of acquisition. 
While it is unclear whether the differential facilitory effects of CNS 
stimulants reflect strain differences in susceptibility to these agents 
(cf. Schlesinger, Boggan, and Griek, 1968) or strain diff erences in 
learning ability, or an interaction between these factors, the results 
of these studies underscore -the rathe r pronounced influence various 
subject characteristics (see also, Buckholtz, 1974) may have on the de-
monstration of drug-induced facilitation of retention test performance. 
At another level, Hall (1969) has shown that differences in task 
difficulty may account for some of the failures to obtain drug-induced 
facilitation. ·~en rats were trained on a relatively easy discrimina-
tion task, no significant differences in test performance were observed 
between strychnine-treated and saline-treated animals; however, when 
rats were trained on a relatively more difficult discrimination problem, 
/ 
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a significant facilitory effect of post-trial strychnine treatment ~·ras 
observed (see also, Cooker and Albert, 1967). Hall argued that the 
discrepancy between these findings ~•as not indicative of an absence of 
a facilitory effect of a facilitory effect of strychnine on the learning 
of the "easy" discrimination problem, but rather, reflected a difficulty 
in detecting a facilitory affect of strychnine due .to a "ceiling effect". 
When learning is at or near asymptotic levels, it becomes more difficult 
to observe any further improvements in test performance as a function 
of drug treatment. A similar type of "ceiling effect" may be encounter-
ed when animals are given extended training on a given task prior to 
drug treatment (e. g., Bovet, I<l cGaugh, and Oliverio, 1966). 
The effectiveness of post-training drug treatment has also been 
shown to vary as a function of the duration of the training-drug treat-
ment interval; the general finding has been that, with increases in the 
duration of the training-drug treatment interval, there is a correspond-
ing decrease in the facilitory effect of drug treatment (e.g., McGaugh 
and Krivanek, 1970). Hunt and Bauer (1969) have demonstrated that the 
temporal gradient of facilitation may also interact with drug dosage. 
These various findings suggest that, while strychnine may enhance 
retention test performance, the degree of enhancement that may be obtain-
ed in a given study may vary depending on the influence of various sub-
ject and experimental factors, as well as the characteristics of the post-
training environment (Calhoun, 1966). It is difficult, however, to iso-
late the influence of these various factors, for more often than not, 
these factors have been found to interact in a complex fasion (e. g ., 
Krivanek, 1971). 
11 
Theoretical Interpretations. The general pattern of results dis-
cussed thus far suggests that the facilitory effect of st~JChnine and 
other CNS stimulants is due mainly to enhancement of associative rather 
than non-associative processes. Granted this initial premise, the con-
cern then becomes one of delineating the nature of the effects of these 
agents on associative processes. The memory consolidation model (e.g., 
McGaugh, 1966) has provided the principal theoretical framework for this 
area of research. Briefly, the basic assumption of this model is that, 
for a short period of time following a learning event, the memory of that 
event is represented in a relatively labile or transitory fo rm before 
being consolidated and stored in a relatively more permanent fo rm. Dur-
ing this labile phase, the memory trace is assumed to be susceptible to 
disruption or modification by environmental treatments (e.g., electro-
convulsive shock, drug administration) which take place after the learn-
ing event. Once the memory trace is represented (stored) in long-term 
memory, it is assumed that the memory is no longer susceptible to f ur-
ther modification. The general finding t hat strychnine-induced facili-
tation is a time-dependent phenomenon is consistent with the assumptions 
of the memory consolidation model. Typically, strychnine-induced enhan-
cement of retention test performance is only observed when animals are 
administered strychnine immediatel y or within minutes after a learning 
event (e.g., McGaugh and Krivanek, 1970). 
The noted dependence of strychnine-induced facilitation on vari-
ous subject characteristics and training parameters is, however, incon-
sistent with earlier assumptions (e.g., Hebb, 1949) that the labile con-
/ 
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solidation phase of memory processing was of fixed duration. Recent 
revisions of the memory consolidation model (e. g., Gold and l·lcGaugh, 
1975; lliall and Albert, 1973) have been introduced to account for the 
influence of these factors. Gold and McGaugh have attributed the faci-
litory effect of strychnine and other CNS stimulants to an enhancement 
of non-specific processes (e.g., arousal level) which modulate the rate 
of perseveration or consolidation of the memory trace. Training condi-
tions which might affect arousal level or induce phasic charges in hor-
monal levels (e.g., footshock) may in turn alter the eff ectiveness of 
subsequent drug treatment. 
\h th these types of revi sions, the memory consolidation model can 
account for most of the findings in the drug facilitation literature; 
however, even with these modifications, t h e memory consolidation model 
has considerable difficulty in accounting for some recent f indings t hat 
strJchnine may facilitate retention of prior tra ining when administered 
24 to 72 hours after a learning event ( Alpern and Crabbe, 1972; Crabbe 
and Alpern, 1973b; Gordon, 1977; Gordon and Spear, 1973; Sara and Re-
macle, 1977). Based on the assumption that the conso l idation of a mem-
ory trace should be completed within minutes after training , t h e memory 
of prior training should not be suseptible to the ef fects of strychnine 
treatment 24 hours after the original learning event. Gordon and Spear 
(1973) and Gordon (1977) however, demonstrated that the memo~J of prior 
passive avoidance training could be enhan ced vThen rats were administered 
strychnine 72 hours after training, -out only if r ats were gh -en a "mem-
ory reactivation" treatment (confinement in the training apparatus wi t h-
out presentation of the CS) s hortly prior to drug treatment. These in-
13 
vestigators argued that the memory of prior training was susceptible to 
the facilitory effects of strychnine in these instances because the "re-
activation" treatment had induced a re-processing of the memory of prior 
training. 
These findings are in contrast to those of Alpern and Crabbe (1972) 
and Crabbe and Alpern (1973) who demonstrated that a series of 10 daily 
injections of strychnine, beginning 24 hours after training, could facili-
tate subsequent retention test performance in the absence of proviuing a 
"reactivation" treatment. Gordon, Brennan, and Rose (1975), however, 
failed to replicate Alpern and Crabbe's findings. Sara and Remacle (1977) 
reported that when strychnine was administered 15 minutes prior to the 
retention test, strychnine treatment was found to enhance test perfor-
mance of rats administered electroconvulsive shock shortly after passive 
avoidance training -or "undertrained" r ats (i.e., rats given passive a-void-
ance training at low shock levels). Because test performances of various 
control groups suggested the absence of a proactive eff ect of strychnine, 
Sara and Remacle argued that strychnine had enhanced the retrieval of 
the memory of prior passive avoidance training. 
These recent findings suggest that strychnine may not affect only 
the initial processing of a memory but also may influence subsequent re-
processing and/or retrieval of a memory. 1dhile these are initial find-
ings, they do point to considering phases or aspects of memory process-
ing that have been largely ignored by the memory consolidation model. 
These findings, particularly those of Gordon and Spear (1973) and Gor-
don (1977), also suggest alternative views of memory processing. In 
contrast to the memory consolidation model, some investigators (e.g., 
/ 
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Lewis, 1976; Spear, 1973) have suggested that the memory of a learning 
event is relatively rapidly stored and subsequently is further organi-
zed or "elaborated" in order to facilitate later retrieval. These 
hypotheses, however, are only recent developments within animal memory 
research and have not received as much attention as the more tradition-
al memory consolidation model. Nevertheless, these types of notions 
seem to provide an important alternative context in which to interpret 
the effects of drug treatment on memory processes. 
Theoretical Limitations. Over the past 20 years, the memory con-
solidation model has provided the principal theoretical framework for 
drug facilitation research, and as noted, most of the findings in this 
area of research can be accounted for by various versions of the memory 
consolidation model. This success, however, may be paradoxically indica-
tive of the limitations of this model; the model may be too general. 
The limitations of the memory consolidation model becomes apparent, when 
it is realized that there has been ~elatively little progress in this 
area of research. In this light, an earlier evaluation made by Cooper 
and Krass (1963) still seems to be appropriate: "In spite of the con-
siderable amount of research carried out in this area there seems as 
yet little justification for concluding that much progress has been made 
beyond Lashley's original contribution" (p. 474). This suggestion is 
not intended to ignore the contributions that various researchers have 
made over the past 20 years. There indeed have been r.otable methodolo-
gical refinements, the generality of the basic phenomenon has been extend-
/ 
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ed and some of the factors which might influence the effectiveness of 
post-trial drug treatments have been identified. Despite these achieve-
ments, there has been little progress in the understanding of the nature 
of the effects of strychnine and othrr CNS stimulants on memory processes. 
Earlier hopes (e.g., McGaugh, 1959) that this line of research would de-
lineate the neurochemical correlates of memory processing largely have 
not been realized. The specific physiological mechanisms by which stry-
chnine and other CNS stimulants exert a facilitory influence on memory 
processing have not been well defined (cf. Appendix A). 
At another level, little is known about the manner in which strych-
nine affects the various characteristics of the memory of a learning 
experience. It is in this context that the limitations of the memory 
consolidation model become most apparent. The principal emphasis of the 
memory consolidation model has been directed to the characteristic pro-
perties of initial (short-term) memory processing; little, if any, atten-
tion has been afforded to the characteristics of the memory itself. 
Hithin the consolidation model, the memory of a learning event has typi-
cally been discussed in very general terms; it would seem that the mem-
ory of a learning event is regarded as a unitarJ element, processed and 
stored as a single bit of information. 
Memory Attributes. This conceptualization of the memory of a learn-
ing event, however, is not consistent with much of the recent evidence 
concerning learning and memory retrieval in animals. Within a given 
learning situation, an animal if confronted with a variety of stimuli 
/ 
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or discriminative stimuli for instrumental responding. It is also clear 
that when redundant relevant stimuli (i.e., compound stimuli~ \·lith each 
component being equally predictive of reinforcement) are present in a 
learning situation, certain stimuli tend to gain control over responding, 
whereas, other stimuli acquire only minimal control (e.g., D'Amato and 
Fazzaro, 1966). Furthermor~ it has been demonstrated that, while a 
variety of stimuli from a learning situation may serve as retrieval cues 
on subsequent retention tests, certain cues are more effective than others 
in aiding memory retrieval (e.g., Spear, Gordon, and Martin, 1973). 
These kinds of data suggest that the memory of a learni~g event may 
consist of a variety of attributes or components each representing some 
feature of the learning event (cf. Sp ear, 1971; Underwood, 1969), and 
that these attributes may be differentially processed or stored such 
that some att ributes are more accessible than others for subsequent mem-
ory retrieval. Such a theoretical framet-IOrk introduces a ~umber of 
questions concerning the specific r:1anner in \vhich stry chnine enhances 
retention test performance. It is possible, for example, t hat erulance-
ment results almost entirely from the strengthening of memo~r attributes 
representing critical aspects of the learning event (i.e., specific sti-
mulus-response associations), and that attributes representing r:1ore gen-
eral aspects are too weak to benefit from drug treatment. On the other 
hand, it is possible that in many cases the critical memory attributes 
are at maximal strength following learning and that drug-induced enhance-
ment results primarily from the strengthening of the attributes represent-
ing contextual stimuli. Finally, drug-induced facilitation could result 
from the strengthening of general memory attributes >-l"hich have little 
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specific relevance to a particular learning situation. Such attributes 
might represent features of the learning situation, such as the experi-
ence of being handled or the use of general attentional strategies 
(e.g., an observing response), which could transfer positively to most 
retention test situations. 
These and related alternatives have received little attention in 
the drug-facilitation literature. In addition to the already noted bias-
es in research emphasis, most of the behavioral paradigm commonly employ-
ed to assess the effects of drug treatment on memory processes do not 
provide a means of distinguishing between these alternative modes of 
memory enhancement. In most studies, animals have been trained under 
similar stimulus conditions. Under such conditions, it is difficult to 
determine whether enhance retention test performance reflects drug-induced 
enhancement of relatively specific memory attributes or more general-con-
textual memory attributes. In either case, a facilito~J effect of drug 
treatment would be expected to be expressed in terms of enhanced posi~ive 
transfer from prior learning to the retention test. 
The negative transfer paradigm (cf. Postman, 1971), however, seems 
\ 
to provide one means of distinguishing between these alternatives. Under 
such a paradigm, subjects are trained on a given task (e.g., passive 
avoidance) and are subsequently tested on a conflicting task (e. g., active 
avoidance). Under these conditions, retention of specific or critical 
training experiences should impair test performance, while retention of 
more general training experiences (e.g., prior handling) could potentially 
facilitate test performance. Using negative transfer designs, recent 
studies (e.g., Gordon, 1977; Brennan and Gordon, in pr8sG) have provided 
....... 
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some initial evidence that the effect of post-training strychnine treat-
ment is expressed primarily in terms of an enhancement of specific rather 
than general memory attributes. In both studies, the test performance 
of strychnine-treated subjects was significantly more impaired than that 
of saline-treated subjects, when subjects were tested on a conflicting 
active avoidance task (Gordon, 1977) or discrimination reversal (Brennan 
and Gordon). 
Brennan and Gordon also attempted to extend this type of analysis 
a step further. In a second experiment, mice were given training on a 
discrimination problem with two relevant redundant cues, a brightness 
cue and a spatial-sequence cue. Mice were administered either strych-
nine (1.0 mg/kg) or saline immediately after training. Twenty-four hours 
after drug treatment, mice were tested under partial cue reversal condi-
tions (i.e., one training cue was reversed while the oth er cue remained 
unchanged). The results of this study suggested that strychnine had 
differentially enhanced the ~emory of the two discriminative stimuli; 
strychnine-treated mice were observed to make significantly more errors 
when the spatial sequence cue was reversed than when the brightness cue 
was reversed during the retention testing. Because no similar effect of 
test was observed for saline-treated mice, Brennan and Gordon suggested 
that st~Jchnine may have induced some form of selective post-trial pro-
cessing of the two stimulus cues. 
The present studies represent ~~ extension of Brennan and Gordon's 
study. As in previous study , the basic intent was to determine whether 
strychnine would differentially enhance the memory of redundant discri-
minative stimuli. The specific concern of the present studies, however, 
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was to determine the effects of post-training strychnine treatment on 
the retention of specific memory attributes over extended (1 to 21 days) 
retention intervals (i.e., attempt was made to determine whether the 
purported differential effects of strychnine would still be observed 
when mice were tested after relatively long retention intervals). 
The attempt to extend the type of analysis used by Brennan and 
Gordon to an investigation of the effects of post-training strychnine 
treatment on the retention of discrimination training ~cross long inter-
vals not only distinguishes the present studies from the more tradition-
al concerns of drug facilitation research, but also introduces questions 
which have received relatively little attention in studies investigating 
'the retention of choice behavior by animals. The basic point of depart-
ure is reflected in the methods used to assess retention of discrimina-
tion training in the present studies. 
With few exceptions, the relearning test has been the most commonly 
used means of assessing the effects of retention interval duration on 
the retention of a learned response. As noted, in most studies which 
have investigated the effects of post-training drug treatment on the 
memory of a learning experience, animals have also been typically train-
ed and tested under similar stimulus conditions. In both instances, re-
tention test performance provides relatively little information about 
the characteristics of the memory at the time of retention testing. 
It was because of this lack of specificity that Bunch (194lb) question-
ed the appropriateness of the relearning test performance as a measure 
of retention. The principal criticism which was raised by Bunch was 
the fact that specific and general memory attributes appeared to be 
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differentially affected by retention interval duration. 
i'Ihile rats were observed to exhibit considerable forgetting of 
prior training on a complex (14 unit) maze task over intervals of 60 
to 120 days, the degree of positive transfer from training on a 5 unit 
maze task to subsequent training on a more complex 14 unit maze task was 
roughly equivalent, whether rats were tested within 2 days or 120 days 
after training on the 5 unit maze task (Bunch, 194la). A similar dis-
tinctior. bet~·~een specific and general transfer effects was suggested 
by the finding t hat, while prior training was found to impair reversal 
learning when rats were tested within 2 day s of initial discrimination 
training was found to facilitate reversal learning when rats were test-
ed after retention intervals of 14 to 28 days (Bunch, 1939). The sug-
gestion in both cases was that, while animals exhibited considerable 
forgetting of the specific aspects of prior training, retention of more 
general aspects of prior training were less affected by retention inter-
val duration and transferred positively to the learning of a related 
maze task or reversal learning. 
These findings have a particular implication for the general find-
ing that animals tend to exhibit relatively little forgetting of simple 
(one-choice) choice behavior, ~·Then tested under relearning conditions 
after extending retention intervals (cf. Gleitman, 1971). '.vhi le it is 
possible that the memory of specific stimulus-response associations may 
not be affected or are less susceptible to the effects of retention 
interval duration in these paradigms, it is also possible that the re-
tention of general memory attributes may mask Hhatever forgetting of 
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specific stimulus-response associations, which might have taken place 
over extended retention intervals. In this light, it is instructive 
to note that one of the few studies to observe some degree of forgetting 
of simple choice behavior after retention intervals of 3 to 14 days (Hill, 
Cotton, Spear, and Duncan, 1969), likewise provided some indication that 
there was differential retention of specific and general memory attri-
butes. ',fuile no differences were observed in terms of "stem'' (start 
box to choice point) speed, significant decreases in "arm'' (choice point 
to goal area) speed were observed as a function of retention interval 
duration. It would seem that, while animals exhibited relatively little 
forgetting of more general training experiences (e. g., t hat they were 
r•inforced in the T-maze), animals appeared to exhibit f orgetting of 
~ore specific training experiences (i.e., the exact location or reinf or-
cement). 
The importance of providing some degree of distinction between 
general and specific transfer effects becomes more critical in t he con-
text of interpreting the effects of post-training drug treatment on 
retention test performance, particularly when relatively long intervals 
intervene between drug treatment and the retention test. Given the sug-
gestion that strychnine enhances relatively specific memory attributes, 
a question may be raised as to whether post-training strychnine treatment 
may enhance the subsequent retrieval of specific memory attributes after 
extended retention intervals. It is possible, f or example, that the 
effects of strychnine may be relatively short-lived; while strychnine 
may strengthen specific memory attributes, strychnine treatment may not 
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otherwise affect the rate of forgetting of specific memory attributes. 
If, on the other hand, strychnine enhances the 11 elaboration11 of the mem-
ory of a learning experience (cf. Lewis, 1976), post-training strychnine 
treatment could potentially improve the accessibility of specific memory 
attributes for subsequent retrieval, even after extended intervals. 
The few studies (Garg and Holland, 1967; McGaugh, Hestbrook, and 
Thomson, 1962; and Stein and Kimble, 1966) which have included relative-
ly long (14 to 30 days) drug treatment-test intervals, however, do not 
provide a basis of determining the consequences of drug treatment on the 
retention of prior training across long retention intervals. In all 
three studies, a facilitory effect of drug treatment was not observed 
when animals were tested after long retention intervals; this finding, 
however, was due largely to the fact that relatively little forgetting 
was exhibited by control animals. As such, it is difficult to interpret 
the findings of these studies. In addition to the fact that the use of 
a relearning test may have obs~ed forgetting of specific memory attri-
butes, various methodological problems (e.g., failure to control for 
degree of training) may have also obscured ~~Y differences in the reten-
tion test performance between drug-treated and control animals. 
Because of the problems of the above cited studies, the initial con-
cern of the present studies was to determine whether non-injected mice 
would exhibit some degree of forgetting of prior discrimination training 
as a function of retention interval duration (Experiment 1). Given that 
some degree of forgetting was observed in Experiment 1, an initial attempt 
Was made in Experiment 2 to determine the effects of post-training strych-
nine treatment on the retention of discrimination training. In this studY, 
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mice were given a single injection of either strychnine or saline imme-
diately after discrimination training and were then tested on the same 
discrimination problem after various retention intervals (1 to 21 days). 
While the use of a relearning test in Experiment 2 is subject to criti-
cisms already noted, the decision was made to test mice under these con-
ditions to maintain some commonality with prior research in this area. 
The principal purpose of the present studies, however, was not only 
to determine whether strychnine would enhance the test performance of 
mice tested after relatively long retention intervals, but also to de-
termine the specificity of the effects of post-training strychnine 
treatment on the retention of discrimination training. In order to ob-
tain some index of the specificity of the effects of strychnine treat-
ment, mice in Experiment 3 were injected with either strychnine or saline 
immediately after discrimination training and were then tested under 
various cue reversal conditions after extended retention intervals (1 to 
21 days). 
General Methods 
Since the apparatus and training procedure are similar in all 
three experiments, they will be reported in detail in this section 
and subsequently only variations in testing procedures and drug 
treatment conditions will be indicated. 
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Subjects The subjects for all three experiments were male 
Heterogenous (Binghamton HET) mice, 60 days old at the start of 
training. The Binghamton HET stock was derived from an eight-,-ray 
cross (LP/J, Balb/cJ, MA/J, LG/J, SM/J, 129/ J, DBA/2J, and C57BL/6J). 
Mice were housed 4-5 to a cage in a temperature-controlled vivarium, 
with a 12 hr/12 hr light-dark cycle (lights on 0800-2000 hrs) in 
effect. Mice were trained and tested between 1100 and 1400 hrs. 
Apparatus All training and testing took place in a 6 unit 
discrimination maze, similar to that used by 8rabbe and Alpern 
(1973a) and by Brennan and Gordon (in press). The maz e and basic 
training conditions are shown in Figure 1. The maze was constructed 
Insert Figure 1 about here 
of Plexiglas and consisted of a start compartment, 6 separate dis-
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crimination units, and a goal compartment. 
The start compartment was 10 em long, 3.5 em wide, and 5 em high 
and '\'las painted flat grey. Each of the 6 discrimination units consisted 
of an 8 X 3.5 X 5 em flat grey entrYI"Tay which led to a chamber divided 
into 2 alleyways - one painted flat vlhi te and the other flat black. A 
5 em high barrier, beginning 3 em past the end of the entry>-1ay, separa-
ted the tHo alleyways. Each alleyway 1tlas 25 em long, 3. 5 em Hide, and 
5 em high. A piece of clear vinyl was used to block the incorrect al-
leyway of each discrimination unit. The vinyl barrier was placed so 
that it could not be seen from the choice point of each discrimination 
unit. 
The discrimination units were positioned linearly such that the 
entryway of each unit follovied either the start compartment l n the 
case of discrimination unit 1) or the exit from the preceding discrimin-
ation unit. Sliding doors, painted flat grey, could be inserted between 
any compartment of the maze and t h e entryway to the next compartment. 
Following the last discrimination unit was a goal compartment 
which consisted of an entryway (7 x 3. 5 x 5 em ) painted flat grey and 
a goal area painted either flat white or flat olack, depending on the 
particular training or test condition. A plastic drinking cup, 1.5 em 
india., vras mounted on the floor of t h e goal ar~a, l em f rom the end 
of the goal compartment. The entire maze was covered with a sheet of 
clear Plexiglas, with separate removable sheets of Plexiglas covering 
the start and goal compartments. 
- - - - - ----
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General Training Procedures. Prior to the start of training, all 
mice \vere placed on water deprivation for 48 hours . Subjects in each 
of the three experiments were given two acquisition trials in the maze 
(1 trial per day). During training, choice of the white alleyway of 
each discrimination unit allowed the subject entry into either subse-
quent discrimination units or the goal compartment (painted flat Hhite). 
The discrimination units were arranged such that the vrhite alleyways 
appeared in a LRRLLR sequence (L=left, R=right) during training. The 
decision to make the vrhi te alleyway correct for all animals during acqui-
sition was based on the fact that pilot animals tended to show an initial 
preference for the black alleyv1ays in the ~aze (see also, Craooe and Al -
pern , l973a). Thus, all animals were trained to enter t he non-preferred 
alleyway . 
At the start of training trials, the door between t he start compar-
ment and the first discrimination unit was closed; the doors oehreen 
all oth er maze units were ooen. The subject \-Tas placed into the start 
compartment and the door between the start compartment and the first 
discrimination unit vras opened. A correctional procedure \vas in effect 
during training and testing ; i .e. , within a given discrimination unit, 
subjects could repeatedly enter the incorrect alleyway. Once a subject 
had entered either a discrimination unit or t h e goal compartment, a sli-
ding door Has closed behind the subject to prevent re-entry of t he pre-
ceding maze unit. Three response measures were recorded: Choice errors 
(the initial entry of an incorrect alleyvray), repeated errors (all sub-
sequent re-entries of an incorrect alleyway) , and the latency to traverse 
the maze. 
/ 
Following entry into the goal compartment, mice were given a 
10 second access to a 0.3% saccharin solution. Immediately after 
removal from the goal compartment on Training Day l, mice were re-
turned to their home cages. On Training Day 2, mice were either 
returned to their home cages (Experiment l) or were administered 
drug treatment and then returned to their home cages (experiment 
2 and 3). 
Throughout all phases (i.e., training, retention interval, 
testing) of each of the three experiments, mice were maintained on 
a 23 hr 50 min water deprivation schedule. During both training 
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and testing, mice were given a 10 min access to water in their home 
cages, approximately 30 min after each experimental session. During 
the retention interval, mice were left undisturbed, except for nor-
mal (once a week) cage changing, in their home cages, which were 
placed in the vivarium. 
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Data Analysis 
Separate repeated measures analyses of variances (of. Keppel, 1973) 
were performed on each of the three response measures, with trials as 
the within factor. In prior research (e.g., Brennan and Gordon, in press), 
in which similar maze tasks were used, the major effects of drug treat-
ment were often observed in terms of the tendency of mice in various 
treatment groups to exhibit differential error responding vli thin speci-
fic discrimination units. For this reason, the analyses of variance 
that were performed on choice and repeated error responding during 
testing, in the present experiments included discrimination unit as an 
additional within factor. When differential patterning of error respond-
ing was indicated by the overall analysis, subsequent analJ ~es of 
variance were conducted on error respo~ding within the first 3 dis-
crimination units and final 3 discrimination units of the maze. The 
decision to examine the patterns of error responding in this particu-
lar manner was governed by the fact that these were the tvm distinct 
patterns of error responding that were typically observed in the pre-
sent experiments. All subsequent comparisons between individual treat-
ment group means were made in terms of the Duncan !·1ul tiple Range Test 
(Duncan, 1955). 
Summary tables for all the analyses of variance that were con-
ducted are presented in separate appendices for each experiment: 
EXperiment 1 (Appendix B), Experiment 2 ( Appendix C), and Experiment 
3 (Appendix D). 
/ 
29 
Experiment l 
Before an attempt could be made to determine whether post-train-
ing strychnine treatment would have an effect on the retention of 
discrimination training across extended temporal intervals, it was im-
portant to determine whether non-drugged mice would exhibit some de-
gree of forgetting as a function of retention interval duration. The 
importance of this preliminary investigation is underscored by the fact 
that one of the critical problems, that is common to the three princi-
pal studies (Garg and Holland, 1967; McGaugh, Hestbrook, and Thomson, 
1962; and Stein and Kimble, 1966) that failed to observe a f acilitory 
effect of post-training drug treatment, when animals Here tested 14 
to 30 days after drug treatment, was the general absence of any appre-
ciable forgetting by control animals in these studies. Under these 
circumstances, it is unclear whether the failure to observe a facili-
tory effect of drug treatment represented an absence of an effect of 
drug treatment, or rather, a "ceiling effect". Some aspects of the 
experimental protocol in these studies suggest that it may have been 
difficult to detect an effect of drug tree>.tment, given the near asymp-
totic retention test performance by control ~m~s. 
In all three studies, animals either were trained to criterion 
or were given extended training prior to retention testing. Under 
these training conditions, relatively little forgetting of a well 
learned response might be expected to occur over retention intervals 
/ 
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0.f 14 to 30 days ( cf. Glei tman, 1971). 
In two of these studies (Garg and Holland, 1967; McGaugh et al., 
1962) animals were trained under either food or water deprivation con-
ditions. At the end of training, animals were placed on an ad libi-
tum schedule until a few days prior to retention testing, when depri-
vation conditions were re-instated. The re-introduction of depriva-
tion conditions may have enhanced the retention test performance of 
animals by providing for a clear discrimination between training and 
non-training cues. The re-introduction of deprivation conditions may 
have also facilitated the retrieval of the memory of prior training 
by placing the animals in a motivational state similar to that of 
original training (cf. Spear, 1973). 
An attempt was made to minimize some of these problems in the 
present study. First, mice were given only two discrimination train-
ing trials prior to the imposition of retention intervals Jf either 
1, 3, 7, or 21 days. In addition to an attempt to maintain some com-
monality with the parameters used in previous work in this laboratory , 
it was felt that the memory of discrimination· training would not have 
acquired maximal strength by the end of training, and as such, might 
have increased the possibility that some degree of forgetting would be 
observed. In previous work, HET mice were typically not observed to 
attain a learning criterion (i.e., no more than 1 choice error over 
2 consecU.tive trials) until after 4 to 6 training trials (see also, 
Crabbe and Alpern, 197 3a). Second, mice \'<'ere maintained on the same 
/ 
31 
deprivation schedule throughout all three phases (training, retention 
interval, and retention test) of the present study to minimize the pos-
sibility that motivational cues might serve as· distinctive training 
cues. 
Methods 
Procedure. Two days prior to training, all mice \·rere placed on 
water deprivation and were randomly assigned to 1 of 4 retention in-
terval conditions: l Day (Ril, n=8 ), 3 Day (RI3, n=8 ), 7 Day (RI7, 
n=7), and 21 Day (RI21, n=7) retention intervals. All mice were giv-
en two discrimination training trials (1 trial per day ) on the pre-
viously described discrimination problems. After the designated re-
tention intervals, mice in each of the four groups were given 4 reten-
tion test trials (1 trial per day) on the same discrimination problem. 
No drug treatments vrere administered at any time during the coarse of 
the present experiment. 
Results and Discussion 
During training, no significant differences i n either choice error 
or repeated error were observed between the four treatment groups. 
\fuile no reduction in choice error responding was observed during train-
ing, mice did make signific&~tly fewer ··repeated errors on the second 
training trial (K l,26al4.0, ~<.001), suggesting that some learning 
....._ 
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did take place over the two training trials. Mice also exhibited a 
significant reduction in the latency to traverse the maze on the second 
training trial (,E 1,26=20.89, J?.<-001). Hhile no significant main effect 
of retention interval condition was observed in terms of the latency 
measure, a significant groups x trials interaction ~vas noted (,E 3,26= 
3~ 10, l?. (. 05). This latter finding was due mainly to the fact that the 
RI21 group had a significantly longer mean latency than the other 3 
treatment groups (J?. (• 05 in all cases) on the second training trial. 
During the four trials of retention testing, a significant main 
effect of retention interval duration was observed in terms of choice 
error responding ~3,26=3.62, 1?.,.05). As illustrated in Figure 2a, 
mice tested 21 days after initial discrimination training made signifi-
Insert Figures 2a and 2b about he~e 
cantly more choice errors than mice in either the Ril (J?.~Ol), RI3 
(.E,<.05), or the RI7 (J?.<:05) conditions. While no significant differ-
ences in choice error responding were ooserved between the RI3 and RI7 
groups, mice in both groups were observed to make significantly more 
choice errors over the four test trials than mice in the Ril group 
(p<. 05 in both cases). The observed diff erences in choice error res-
ponding were most evident on the first retention test trial (,E 3,26=4.56, 
.E.<.025). As illustrated in Figure 2b, RI21 mice made signi f icantly more 
choice errors than mice in either the Ril (.E.<.Ol) or RI3 (J?.(.05) groups 
on the first retention test trial. No significant differences Here ob-
Figure 2. 
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A. The mean number of choice errors over 
four test trials for each of the treat-
ment groups in Experiment 1 is sho~vn 
as a function of retention interval 
duration . 
B. The mean number of choice errors on 
the first retention test trial for 
each of the treatment groups in Ex-
periment 1 is shown as a function of 
retention interval duration. 
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served between the RI21 and RI7 groups or bet>,reen the Ril, RI3, and RI7 
groups on the first retention test trial. On all subsequent test trials, 
no statistically significant differences in choice error responding ;.rere 
noted between any of the four treatment groups. The relatively transi-
tory retention deficit observed for mice tested 21 days after discrimi-
nation training is similar to that noted by other investigators (of. 
Gleitman, 1971). Animals have typically been found to exhibit relatively 
little forgetting of choice behavior over retention intervals ranging 
from 5 to 44 days (e.g., Gleitman and Jung, 1963; Maier and Gleitman, 
1967), except in situations in which animals are trained on an opposing 
task or discrimination reversal shortly after initial discrimination 
training (e.g., Chiszar and Spear, 1968 ; Maier and Gleitman, 1967). 
The effect of retention interval duration was less apparent in 
terms of repeated error responding during retention testing. vJbile no 
significant main effect of retention interval duration was noted, a 
significant retention interval x d i scrimination unit interaction \vas 
noted (£ 5 , 130=1. 87, E<·05). Separate analyses of var i ance on re-
peated error respondi ng in the f irst 3 and final 3 discrimi nation uni t s 
revealed that, while no significant differences were observed in terms 
of repeated error responding in the first 3 discrimination units, signi-
ficant differences in repeated error responding in t h e f inal 3 discrimi-
nation units were observed among the various retention interval groups 
(! 3, 26=4.47, E ~ 025 ) . Mice in the RI21 group made signifi cantly more 
repeated errors in the final 3 discrimination units than the other 3 
treatment groups (p<.Ol in all cases) during t h e four trial s of retention 
testing . As was the case for choice error responding, between group dif-
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ferences in repeated error responding in the final 3 discrimination units 
were observed only on the first retention test trial (Z 3,26=3.71, E<·05). 
This latter finding might suggest that, while all mice were exhibit-
ing comparable levels of repeated error responding upon initial exposure 
to the maze (i.e., the first 3 discrimination units) on the first reten-
tion test trial, mice in the RI21 group may have been attending to inappro-
priate stimulus cues, which could have interfered with subsequent choice 
behavior. In comparison to the increase in repeated error responding in 
the final 3 discrimination units that was observed for RI21 mice on the 
first retention test trial, mice in the 3 other retention interval con-
ditions exhibited a reduction in repeated error responding in the final 
3 discrimination units. It is difficult, however, to determine which 
stimulus cu.es were controlling t h e test performance of RI2l mice. 
While the pattern of results for the latency measure likewise sug-
gested a retention deficit on the part of mice in the RI2l group, the 
main effect of retention interval duration was only marginally signifi-
cant (E 3,26=2.96, .l0)E~·05). In an attempt to correct for the noted 
differences in maze latency on the second training trial, latency dif-
ference scores were computed (i.e., , latency second training trial-
latency first test trial). An analysis of variance on the latency dif-
ference scores, however, also yielded only a marginally significant 
effect of retention interval duration (F 3,26=2.28 .10)E~.05). Never-
theless, post-hoc comparisons revealed that, on the first retention test 
trial, the RI2l group was found to have a significantly longer mean la-
tency than the Ril and RI3 groups (E(·05 in both cases); no significant 
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differences in mean latency were observed between the Ril, RI3, and RI7 
groups on the first retention test trial. 
The general pattern of results suggests that the present paradigm 
may be appropriate for examining the effects of post-training strych-
nine treatment on the retention of discrimination training across long 
retention intervals, since some degree of forgetting was shown to occur 
as a function of retention interval duration. The present test condi-
tions (i.e., relearning), however, may not be appropriate for identify-
ing the specific nature of the retention deficits which are observed; 
for example,undar these conditions it is difficult to determine which 
stimulus cues are controlling retention test performance. 
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Experiment 2 
Within the area of drug facilitation research, the principal con-
cern of research has been to delineate the eff ects of strychnine and 
other CNS stimulants on the initial processing (or consolidation) of 
the memory of a learning experience. It is unclear, however, how the 
proposed enhancement of initial memory processing by these a gents may 
affect the retention and retrieval of the memory of a learning exper-
ience, when animals are tested after relatively long temporal intervals. 
The few studies, which have investigated the eff ects of post-
training drug treatments on retention test performance after extended 
intervals, would tend to suggest that t he facilitory effects of drug 
treatme~t are relatively short-lived. Garg and Hol land (1967) and 
McGaugh, J,,/estbrook, and Thomson ( 1962) reported that drug treatment 
enhanced test performance, when animals were tested 24 to 48 hours 
after drug treatment; however, when these same animals were given a 
second retention test 30 days after the initial test phase, no signi-
ficant differences in retention test performances were observed be-
tween drug-treated and control animals. Some of the methodological 
problems of these two studies have already been discussed in Experi-
ment 1. The within-subject design of these two studies i ntroduces an 
additional problem, in that there was no independent test of the ef-
fects of post-training drug treatment on retention over long intervals. 
In the present experiment, separate groups of mice were administ-
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ered either strychnine or saline immediately after discrimination 
training and were then tested either 1, 3, 7, or 21 days after drug 
treatment. Because the present experiment was intended as an initial 
investigation of the effects of strychnine on the retention of prior 
discrimination training, mice were trained and tested on the same 
discrimination problem. Despite the limitations of the relearning 
test condition as an index of retention, it was felt that it would 
be useful to first examine the effects of strychnine under these con-
di tions, not only to maintain some degrees of commonality \·Ii th prior 
research, but also to provide a basis of comparison for a more de-
tailed analysis of the effects of stry chnine treatment on the reten-
tion of specific memory attributes (cf. Experiment 3) . 
Methods 
Procedure. T\·ro days prior to discrimination training mi ce were 
placed on water deprivation and were randomly assigned to 1 of 4 re-
tention interval conditions (1, 3, 7, or 21 Day retention intervals). 
Following the first discrimination training trial, mice within each of 
the 4 retention interval conditions were matched on the basis of the 
number of choice errors and vlere randomly assigned to 1 of 2 drug 
treatment conditions, either ST (1.0 mg/kg strychnine sulphate) or 
SA (0. 9% saline) resulting in a total of 8 treatment conditions: 
STl ( n=8), SAl ( n=8 ), ST 3 ( n=6), SA3 ( n=7), ST7 ( n=8), SA 7 ( n=7), 
ST21 (n=6), and SA21 (n=7). 
j! 
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Immediately following removal from the goal compartment on the 
second discrimination training trial, mice were administered equal vol-
ume (lcc/0.1 kg body weight) intraperitoneal injections of either physi-
ological saline or 1.0 mg/kg strychnine sulphate (dissolved in a 0.9% 
saline solution). In pilot studies with HET mice, the 1.0 mg/kg dose 
of strychnine appeared to be the most effective facilitory dose of the 
various levels of strychnine that were tested. The LD50 for strych-
nine for HET mice was found to be 2.0 mg/kg. Immediately after drug 
treatment, mice were returned to their home cages. After the designa-
ted retention intervals, mice in each of the 8 treatment groups were 
given 4 retention test trials ( 1 trial per day) on the same discrimi-
nation problem (i.e., white=correct orightness and the sequence of 
correct choices=LRRLLR). No further drug treatments 1-1ere administered 
during either the retention interval or retention testing. 
Results and Discussion 
Both training and test data were analysed in terms of repeated 
measures analyses of variance, with retention interval duration and 
drug treatment condition as the between factors. Prior to drug treat-
ment, significant differences in choice error responding were observed 
as a function of assignment to retention interval condition (~ 3,49= 
4.14, ~<.01). This finding was due mainly to the fact that mice in t he 
RI7 condition made significantly fewer choice errors (X=6.0) than mice 
assigned to either the RI3 (X=7. 85, ~ .01 ) or the RI21 conditions 
(X=7. 9 2, ~ .01). No si~ificant differences in choice error respond-
39 
ing lvere observed between either the RI(X=6.88) and the RI7 conditions 
or between mice in either the Ril, RI3, or RI21 conditions during dis-
crimination training. These differences in choice error responding 
were observed primarily on the second training trial (~ 3,49=3.68, 
2<•05). The basis of the observed differences in choice error respond-
ing during training is unclear in that all mice were trained and tested 
under similar conditions. No significant differences of repeated error 
responding or mean latency was observed among the various treatment 
groups during training. As \vas the case in Experiment 1, no signifi-
cant reductions in choice error responding were observed during training, 
while significant reductions in repeated error responding (~ 1,49=21.99, 
2<•001) and latency (F 1,49=101.94, E~OOl) were observed over the two 
training trials. 
During retention testing, significant differences in choice error 
responding were observed as a function of retention interval duration 
(! 3,49=5.80, ~~.01) and the interaction of retention interval and drug 
treatment conditions (! 3,49=7.14, ~ .001). As illustrated in Figure 3, 
various anomalous findings were noted. First, most studies, which have 
Insert Figure 3 about here 
reported a facilitory effect of strychnine on retention test perform~~ce, 
tend to observe this effect lvhen animals are tested 24 to 48 hours after 
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Figure 3. The mean number of choice errors (over four 
test trials) of each of the treatment groups 
in Experiment 2 is shown as a function of 
post-training drug treatment and retention 
interval duration . 
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drUg treatment. In the present study, \'lhile STl mice tended to make , 
fewer choice errors than SAl mice, this difference was not found to be 
statistically significant. In contrast, ST21 mice were observed to make 
significantly fewer choice errors than SA21 mice (~.05) duri~g reten-
tion testing. This finding may, in part, reflect a "ceiling effect". 
In various pilot studies, we have failed to observe a clear facilitory 
effect of strJchnine, when mice were tested under similar conditions 
24 hours after drug treatment. It is possible that, under these train-
ing and test conditions, the memory of prior discrimination training 
may be readily accessible for both saline-treated and strychnine-treated 
mice. \h th some degree of forgetting on the part of saline-treated mice 
over the 21 Day retention interval, the facilitory effect of post-train-
ing strychnine treatment VIas more apparent. 1r/hil e the absence of any 
significant differences in choice error respond ing b et;~e en the STl and 
ST21 groups might suggest that post-training st~Jchnine treatment had 
"protected" the memory of prior discrimination training f rom the detri-
mental effects of extended retention interval duration, this suggestion, 
however, must be qualified in terms of the more general pattern of re-
sults in the present study. 
The f act that bnth the SA3 and ST3 groups exhibited relatively 
poor performance during retention testing introduces some problems f or 
the suggestion that post-training strychnine treatment had ea~anced the 
retention of discrimination training. Even more problematic is the find-
ing that the SA7 group made significantly fewer choice errors during 
testing than all other treatment groups (.£<· 01 in all cases), 1vi th the 
exception of the STl and ST21 groups (.10/p>.05 in these latter two 
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cases). The superior performance of the SA7 group was in sharp contrast 
to that observed for non-injected mice that were tested 7 days after dis-
crimination training in Experiment 1. The interpretation of this finding 
is further complicated by the fact that the RI7 group in the present 
study was also observed to exhibit superior performance during initial 
discrimination training. 
It is unclear then whether t he enhanced retention test performance 
of the SA7 group represented an effect of degree of learning, retention 
interval duration, drug treatment, or an interaction between these various 
factors. The potential influence of the degree of original learning was 
suggested by the fact that, when difference scores were computed (i.e., 
choice errors second training t rial - choice errors first retention test 
trial), no significant main effects of retention interval duration or 
drug treatment were observed. ~hatever the case, the present pattern of 
results introduces the need for caution in interpreting the effects of 
drug treatment and retention interval duration. 
In addition to overall differences in choice error responding 
during retention testing, differences were also observed in terms of the 
patterning of choice error responding (cf. Appendix C). Th e mean number 
of choice errors in the first 3 and final 3 discrimination emits during 
retention testing ar.e presented for eacD of the treatment groups in 
Figure 4. The superior performance of the SA7 group was reflected by 
Insert Figure 4 about here 
4la 
Figure 4. The mean number of choice errors in the first 
3 and final 3 discrimination units (over four test trials) 
for each of the treatment groups in Experiment 2 is 
shown as a function of post-training drug treatment and 
retention interval duration. 
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the fact that the SA7 group ivas found to make significantly fewer choice 
errors in the first 3 discrimination units than all other treatment 
groups (~<·05) during retention testing. While the STl and ST2l groups 
were also observed to make significantly fewer choice errors in the first 
3 discrimination units than the ST7 (~<.05 in both cases) and the SA3 
(p{.05 in both cases) groups, perhaps the most interesting finding was 
that, with the exception of the ST3 group, strychnine-treated mice tend-
ed to exhibit a reduction in choice error responding in the final 3 dis-
crimination units. In comparison, saline-treated mice tended to exhibit 
an increase in choice error responding in the final 3 discrimination 
units during retention testing. ~lhile these findings are admittedly 
difficult to interpret in the context of the noted differences in acqui-
sition performance, these patterns of choice error responding may be 
suggestive of distinction between the stimuli that were controlling the 
choice behavior of saline-treated and strychnine-treated mice during .:t 
retention testing. The present test conditions, however, do not provide 
a means of determining the specific stimulus cues which were controlling :: 
i 
choice behavior. 
lJI 
lfuile differences in choice error responding were observed during t:. 
retention testing, no significant differences in repeated error respond-
ing were observed between the various treatment groups during retention 
testing. This finding was due to the fact that mice tended to make rela-
tively few repeated errors during retention testing in the present study. 
During retention testing, significant differences in mean latency 
Were observed between the various treatment groups. An analysis of 
Variance on the latency measure revealed a significant interaction of 
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drug treatment x retention interval condition (~ 3,49=4.29, E<·05) and 
a significant interaction of drug treatment x retention interval dura-
tion x test trial (F 9,147~1.88, E<.05). These findings were due pri-
marily to the fact that the SA21 group 1ias observed to have a signifi 
cantly longer mean latency than all other treatment groups (p<.05) on 
the first retention test trial. No significant differences in mean la-
tency were observed between any of the other treatment groups on the 
first retention test trial. While a retention deficit on the part of 
the SA2l group was suggested by the impaired choice behavior of this 
treatment group during retention testing, the latency measure provides 
perhaps, the clearest evidence that there was some degree of forgetting 
by saline-treated mice after a 21 Day retention interval. The signi-
ficant difference in mean latency between the SA21 and ST2l groups on 
the first retention test trial might suggest that post-training strych-
nine treatment had enhanced the retention of the memory of prior dis-
crimination training; this suggestion, however, must be QUalified by 
the more general pattern of results. 
In the present study , the various treatment groups were found to 
differ during initial discrimination training. These differences in 
acquisition performance apparently were reflected in terms of the dif-
ferences noted in test performance. The problematic features of the 
Present results may, however, be important, in that they underscore the 
limitations of the present paradigm for investi gatir.g the effects of 
Post-training strychnine treatment on the retention of prior training 
over long intervals. Vlhile some degree of forgetting was observed for 
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non-injected mice (RI21) in Experiment 1 and by-the SA21 groups in the 
present study, the particular patterns of error responding by mice in 
these groups (i.e., increased error responding in the final 3 discrimi-
nation units) may be indicative of a more important characteristic of 
the retention deficits \vhich were observed. In both cases, it was sug-
gested that, after 21 Day retention intervals, mice may have been attend-
ing to inappropriate stimulus cues at the time of retention testing. 
The present test condi~ions (i.e., a relearning task) do not provide a 
clear means of determining the relative saliency of various training 
cues, and further, the present test conditions do not provide a way of 
assessing whether there were any changes in cue saliency as a function 
of retention interval duration. 
These limitations of the relearning test condition have already 
been suggested in Experiment 1; in the present study, these limitations 
may be more critical, given that strychnine-treated and saline-treated 
mice were observed to exhibit differential responding. In additio n to 
the fact that the present test conditions do not provide a means of iden-
t±fying the specific characteristics of the retention deficits which were 
observed, the present test conditions may obscure the effects of post-
training strychnine treatment on the retention of prior discrimination 
training. For example, due to the fact that the present tes~ conditions 
represent an optimal situation for both specific and genera l positive 
transfer from prior training, any strychnine-induced enhancement of spe-
Cific memory attributes may have been masked by the effects of general 
Positive transfer on the retention test performance of saline-treated mice. 
As such, t h e present test conditions may not provide a sensitive index of 
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the effects of post-training strychnine treatment on the retention of 
prior discrimination training. 
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Experiment 3 
In both Experiment l and 2, the possibility vras raised that, after 
relatively long retention intervals, there may have been a change in the 
stimulus cues which were controlling sugjects' retention test performance. 
This possible characteristic of forgetting (i.e., a change in stimulus 
control), however, may often go undetected when animals are tested under 
relearning conditions. For this reason, the general finding that there 
is relatively little forgetting of choice behavior over extended reten-
tion intervals (cf. Gleitman, 1971) may reflect the fact that the com-
monly used relearning test condition may not provide a sensitive index 
of forgetting. Because the relearning task represents an optimal condi-
tion for both specific and general positive transfer from prior training, 
forgetting of specific stimulus-response associations may be obscured by 
the retention of more general aspects of prior training (cf. Bunch, l94lb). 
This is, in part, suggested by the finding that the amount of negative 
transfer, which is observed when subjects are tested on a discrimination 
reversal, is an inverse function of retention interval duration (e.g., 
Bunch, 1939; Gollin, 1964; Stevenson and 'deir, 1959). These findings 
suggest that there is some forgetting, even relatively rapid forgetting 
(e.g., Gollin, 1964), of specific stimulus-response associations in 
choice situations as a function of retention interval duration. 
The attempt to provide some distinction between possible specific 
and general transfer effects takes on an additional dimension within the 
Present paradigm. In both Experiments l and 2, mice were given training 
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on a discrimination problem for which there were two relevant and redun-
dant stumulus cues, a brightness cue and a spatial-sequence cue; the 
discrimination problem could be solved by utilizing either stimulus cue. 
Under these conditions, the two stimulus cues could potentially exer-
cise differential control over responding. In previous studies (e.g., 
Brennan, Gordon, and Komoda, in preparation), there was evidence that, 
when mice were trained under these types of conditions, one stimulus cue 
tended to acquire maximal control over responding, while the other stim-
ulus cue exercised only minimal control over responding. Because mice 
were trained and tested under similar stimulus conditions in Experiments 
l and 2, there was no clear means of assessing the relative saliency of 
the two stimulus cues, and there was also no clear way of determining 
whether there were any changes in cue saliency as a function of retention 
interval duration. 
The possibility that the two stimulus cues may acquire differential 
control over responding also introduces questions regarding the manner 
in which strychnine treatment may affect the memory of the two stimulus 
cues. Strychnine, for example, could enhance the memory of the two 
stimulus cues to the same degree. On the other hand, it might be suggest-
ed that strychnine may differentially enhance the memory of the two stim-
ulus cues as a function of cue salience. Experiment 2 unfortunately did 
not provide a means of determin~ng the -manner in which strychnine may 
have affected the memory of the two stimulus cues. Further, the use of 
a relearning test in Experiment 2 did not provide a clear means of assess-
ing the effects of post-training strychnine treatment on the retention of 
the two stimulus cues across long temporal intervals. Using similar train-
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ing conditions, Brennan and Gordon (in press ) have, however, provided 
some initial evidence that strychnine may differentially enhance the 
memory of relevant, redundant stimulus cues; when mice were tested 
under partial cue reversal conditions (i.e., one training cue was re-
versed while the other cue remained unchanged) 24 hours after drug 
treatment, significant differences in error responding by strychnine-
treated mice were observed as a function of which training cue was 
reversed during testing. 
The intent of the present study was to extend this type of analys~s 
to the investigation of the effects of post-training strychnine treat-
ment on the retention of prior discrimination training across relative-
ly long intervals. Attempt was made to determine: 1) whether strych-
nine would differentially enhance the memory of the two training cues, 
and 2) whether the proposed selective effect of strychnine induced en-
hancement would affect test performance, when mi ce were tested after 
extended retention intervals. To this end, separate groups of stry ch-
nine-treated and saline-treated mice were tested under partial cue re-
versal conditions after retention intervals cf e i ther 1, 7, or 21 days. 
In order to provide a reference condition a gainst which the proposed 
selective effect of strychnine-induced e1ihancement mi ght be further 
assessed, separate groups of strychnine-treated and sal i ne-treated mice 
Were tested m1der complete cue reversal conditions (i.e., ooth tra ining 
cues were reversed during testing ) after these s ame retention intervals. 
The present experiment may also be viewed, i n part, as an attempt 
to assess t h e relative sensitivity o ~ t h ese various cue reversal condi-
tions and the relearning test condition a s indices of t h e retention of 
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prior discrimination training. Because mice were found to differ in 
terms of acquisition performance in Experiment 2, separate groups of 
strychnine-treated and saline-treated mice were also tested under re-
learning conditions in the present experiment. 
The working assumptions for the present experiment liere derived 
largely from Brennan and Gordon's findings. First, it was assumed that 
strychnine would primarily enhance the memory of specific stimulus-
response associations rather than the memory of more general contextual 
stimuli. If strychnine had enhanced the memory of specific stimulus-
response associations, greater impairment of test performance should be 
observed for strychnine-treated than saline-treated mice, when both 
training cues were reversed during testing. If, on the other hand, 
strychnine had primarily enhanced the memory of more general contextual 
. 
stimuli, the strychnine treatment might be expected to facilitate test 
performance (cf. Brennan and Gordon, Experiment 1). 
Secondly, it was assumed that strychnine would differentially en-
hance the memory of the two training cues. In order to establish this 
fact, two sets of comparisons must be made. First, differences should 
be evident between strychnine-treated mice tested under partial cue 
reversal conditions. Secondly, the differences in test performance that 
are observed between strychnine-treated mice should be of a greater mag-
nitude th~~ those observed between saline-treated mice tested under par-
tial cue reversal conditions. 
/ 
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Methods 
Procedure. Prior to the start of discrimination training, all mice 
were placed on water deprivation for a 48 hour period. All experimental 
subjects were given two discrimination training trials ( l trial per day). 
After the first discrimination training trial, experimental subjects 
were matched on the basis of the total number of choice errors and were 
randomly assigned to 1 of 2 drug treatment conditions, ST(l.O mg/kg 
strychnine sulphate) or SA(O. ~fo saline). Mice within each drug treatment 
condition were then randomly assigned to l of 3 retention interval condi-
tions (1, 7, or 21 Day retention intervals) and l of 4 test conditions, 
resulting in a total of 24 independent experimental groups (n=8 in each 
group). The design of the present experiment is summarized in Table 1. 
Insert Table 1 about here 
Immediately follov1ing removal from the goal box on the second dis-
crimination training trial, mice were administered intraperitoneal in-
jections of either strychnine or saline and were then returned to their 
home cages. After the designated retention intervals, mice Here tested 
under l of 4 conditions: 1) complete cue reversal (CR; correct bright-
ness=black and the sequence of correct choice=RLLRRL), 1 of 2 partial 
cue reversal conditions with either 2) the brightness cue reversed and 
the sequence unchanged (BR; correct brightness=black and the sequence 
.~ 
~ l 
I 
I 
'' 
• 
50 a 
Table 1 
Summary of training, post-training drug treatment, 
and retention test conditions in Experiment ;. 
A. Experimental (trained) subjects: Mice received two discrimination 
training trials (1 trial per day) prior to drug treatment and reten-
tion testing. 
Post-Training 
Drug Treatment 
1. Strychnine 
(1.0 mg/kg) 
2. Saline 
Retention 
Interval 
a. 1 Day 
b. 7 Days 
c. 21 Days 
a. 1 Day 
b. 7 Days 
c. 21 Days 
CR 
Retention Test 
Condi tions• 
BR SR RL 
B. Control (non-trained) subjects: Mice were not given discrimination 
training, but were given two goal box adaptati on trials (1 trial per 
day) prior to drug treatment and testing. 
Post-Adaptation 
Drug Treatment 
1. Strychnine 
( 1.0 mg/kg) 
2. Saline 
Retention 
Interval 
1 Day 
1 Day 
CR 
Retention Test 
Conditions 
BR SR RL 
Training Conditions: Correct brightness=white, and the sequence of cor-
rect choices=LRRLLR (L=left, R=right). 
CR (Complete cue reversal): Correct brightness=b1ack, and the sequence of 
correct choices=RLLRRL 
BR (Brightness cue .reversal): Correct brightness=black, and t he sequence 
of correct choices=LRRLLR. 
SR (Sequence cue reversal): Correct brightness=white, and the sequence 
of correct choices=RLLRRL 
RL (Relearning Condition): Correct brightness=white, and the sequence of 
correct choices=LRRLLR. 
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of correct choices=LRRLLR), or 3) the sequence cue reversed and the 
brightness cua unchanged (SR; correct brightness=white and the sequence 
of correct choices=RLLRRL), or 4) the relearning (RL) test condition, 
in which neither training cue was reversed (correct brightness=white 
and the sequence of correct choices=LRRLLR). Mice were tested for 4 
days (1 trial per day). During testing, mice in the CR and BR conditions 
were reinforced in a goal box painted flat black; for mice in the SR 
and RL conditions the goal box was painted f lat white. 
In order to control for possible proactive eff ects of strychnine 
on test performance, 8 additional groups of non-trained but drug-in j ect-
ed mice were included in the present study . Instead of discrimination 
training, control animals were simply placed into the goal box, with 
the door separating the goal box and the sixth discrimination unit closed, 
and were given a 10 second access to a 0 . 3% saccharin solution, once a 
day f or 2 consecutive day s. Following removal f rom the goal box on Day 
2, control animals were immediate ly admini stered int raperitoneal injec-
tions of either strychnine (1. 0 mg/kg) or saline. Twent y-four hours 
after drug treatment, control animals were tested under l of 4 co ndi-
tions (CR, BR, SR, or RL) for 4 days (1 trial per day) . No f urth er 
drug treatments were administered to either experimental or control 
animals during either the retent i on interval or testing. 
Results and Discussion 
Separate repeated measures analyses of variance were performed on 
both training and test data, with drug treatmer-t, retention interva~ 
I 
:I 
I 
I 
I' I I 
I 
I I 
I I 
52 
duration, and test condition as betHeen factors. 
Training 
vihile no significant effects of treatment conditions Here observed 
in terms of choice error responding across the two training trials, signi-
ficant differences in repeated error responding Here observed as a function 
of the interaction of assigned drug treatment and retention interval condi-
tions (~ 2,168=3.31, E<.05) and in the latency to traverse the maze as a 
function of assigned retention interval condition (~ 2,168 =3.21, E<·05). 
Subsequent comparisons revealed t hat these latter tHo findings Here due 
to between group differences in repeated error responding and mean lat-
ency on the first training trial; no significant differences were observ-
ed in terms of any of the three response measures on the second training 
trial. Furthermore, while significant reductions in repeated error re-
spending(~ 1,168 =84 . 41, E<·OOl) and mean latency(£ 1,168=291.27, ~<.001) 
were observed over the two training trials, no significa~t trials x treat-
ment condition interactions were observed for either response measure. 
These findings l·muld sugg est that, in contrast to the f indings of Experi-
ment 2, mice in the present experiment were exhibiting comparable degrees 
of acquisition at the time of drug treatment. 
Retention Test 
The eff ects of the various treatment conditions were found to inter-
act in a complex fashion. In part, this was due to the fact that mice 
were tested under various cue reversal conditions. In order to place the 
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present findings in proper perspective, it would be useful to consider 
some of the aspects of these test conditions before detailing the pre-
sent findings. 
\~hen animals are tested under reversal conditions, retention test 
performance may not be indicative only of the characteristics of the 
memory of prior discrimination training, but may also reflect the fact 
that animals are given an opportunity for new learning, or the inter-
action between whatever ne\-J learning may be taking place and the memory 
of prior training. Under these circwnstances, the least ambiguous index 
of the characteristics of the memory of prior train ing would seem to be 
provided by subjects' performance upon initial exposure to the reversal 
conditions. In the absence of any intervening training, subjects' ini-
tial retention test performance should be in terms of the memory o f 
prior training. After animals have had exposure to reversal conditions, 
it becomes increasingly more difficult to distinguis h between the charac-
teristics of the memory of prior training a nd whatever new learning may 
have taken place. 
The importance of this consideration is f urt her underscored when 
it is realized that mice were tested under a "correction procedure" in 
the present experiment. Under these conditions, an animal t hat tended 
to exhibit a high degree of repeated error responding upon initial ex-
posure to cue reversal conditions would also have more opportunit i es 
to learn about the altered contingencies than an animal t hat tended to 
make fe\-rer repeated errors. In this context, the possibility exists 
that post-training treatments (e. g., strychnine adr.1inistrat ion ) , l•Th i ch 
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enhance the memory of prior training, may have dual effects on retention 
test performance. If strychnine treatment had enhanced the memory of 
specific stimulus-response associations, strychnine-treated mice v1ould 
be expected to exhibit enhanced negative transfer upon initial exposure 
to a reversal of relevant stimulus cues, but given exposure to the alter-
ed stimulus contingencies, stry chnine-treated mice mi ght exhibit facili-
tated reversal learning. This pattern of results was suggested by the 
findings of Brennan and Gordon. In the present experiment, st~Jchnine 
was likewise found to have a dual influence on retention test performance. 
In contrast to the findings of Experiments l and 2, the effects of 
the various treatment conditions in the present experiment were evid ent 
primarily in terms of differences in repeated error responding between 
the various treatment groups. While the various treatment groups were 
also found to differ in terms o f choice error responding, these differ-
ences were observed mainly on the second test trial and, as such, d o 
not provide an unambiguous index of the e f fects of drug treatment on 
the memory of prior discrimination training . For this reason, consider-
ation will be given first to the differences in rep eated error respond-
ing that were observed in the present experiment. 
Repeated Error Responding. The post-training strychnine treatment 
was shown to enhance relatively specific attributes of t he memory of 
prior training, in that strycru1ine-treated mice were observed to make 
significantly more repeated errors upon initial exposure (i.e., t he 
first 3 discrimination units) to the complete cue reversal (CR) condi-
/ 
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tion than saline-treated mice on the first retention test trial (~<.01). 
Further, an analysis of variance on repeated error responding in the 
first 3 discrimination units on the first retention test trial sug-
gested that strychnine had differentially enhanced the memory of the 
two training cues as indicated by a significant interaction of drug 
treatment x test condition (~ 3,168 =4. 8 3, ~<.01). Strychnine-treated 
mice were observed to make significantly more repeated errors in the 
first 3 discrimination units when the bri ghtness cue alone was reversed 
(BR condition) than when either the sequence cue alone was reversed 
(SR condition, E<.Ol) or both the brightness and sequence cues were 
unchanged ( RL condition, ~ <. Ol) on the first retention test trial. 
These findings suggest that strychnine had selectively enhanced t h e 
memory of the brightness cue. In contrast, no significant di f ferences 
in repeated error responding in the first 3 discrimination units were 
observed between saline-treated mice as a f unction of test condition. 
As illustrated in Figure 5, the effect of post-training stry ch nine 
Insert Figure 5 about here 
treatment on retention test performance was influenced by the duration 
of the retention test interval. 
The differential effects of stry chnine treatment were most evident 
in terms of the test performance of strychnine-treated mice that Here 
tested l day after discrimination training. At the l Day retention 
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Figure 5. The mean number of repeated errors in the 
first 3 discrimination units on the first retention 
test trial for each of the treatment groups in Experi-
ment 3 is shown as a function of post-training drug 
treatment, retention interval duration, and test con-
dition. 
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interval, mice in the STCR and STBR conditions made significantly more 
repeated errors in the first 3 discrimination units than mice in either 
the STSR (.£<·01 in both cases) or the STRL conditions (.£<.· 01 in both 
cases) on the first retention test trial. The fact that no significant 
differences were observed between the STCR and STBR groups (brightness 
cue reversed in both test conditions) or between the STSR and STRL 
groups (brightness cue unchanged in both test conditions) suggests that 
the memory of the brightness cue exercised maximal control over respond-
ing on the initial test trial. 
The differential effects of strychnine-induced enhancement appeared 
to be relatively short-lived, or at least, masked by any for getting that 
may have occurred over the 7 and 21 Day retention intervals. ';ihile strych-
nine-treated mice did tend to m~~e more repeated errors in the first 3 
discrimination units when the brightness cue (BR) rather than the sequence 
cue (SR) was reversed, these differences were not found to be statistically 
significant for mice tested either 7 or 21 days after stry chnine treat-
ment. There was, however, some suggestion that the effects of strychnine 
treatment may have persisted beyond a 24 hour drug treatment-test inter-
val; at the 7 Day retention interval, STCR mice vJere observed to make 
significantly more repeated errors in the first 3 discrimination units 
than mice in either the STRL group (.£<·05) or the SACR group (.10).E_).05) 
on the first retention test trial. 
The general patterns of repeated error responding oy strychnine-
treated mice were in sharp contrast to those observed for saline-treated 
mice on t h e first retention test trial. First, the effect of test condi-
tion was less evident in terms of repeated error responding by saline-
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treated mice. Only at the 1 Day retention interval vTas there some sug-
gestion that the test performance of saline-treated mice was more im-
paired when the brightness cue rather than the sequence cue was reversed; 
SABR mice were observed to make more repeated errors in the first 3 dis-
crimination units than SASR mice (.10>~>.05) on the first retention test 
trial. Second, in contrast to the initial test performance of st~Jch­
nine-treated mice, saline-treated mice, which were tested 7 or 21 days 
after discrimination training, tended to make more repeated errors ~n 
the first 3 discrimination units when the sequence rather than the bri ght-
ness cue was reversed. Hhile these differences v1ere not found to be 
statistically significant, these findings might suggest that, after 
the 7 Day and especially after the 21 Day retention intervals, saline-
treated mice were responding more in terms of a brightness preference 
than in terms of the memory of prior training. Non-trained control ani-
mals in the present experiment were observed to exhibit greater error 
responding when vThi te was the correct bri ghtness ( SR condition ) than 
when black was the correct bri ghtness (BR condition) during test trials 
(cf. section on control data). 
After mice had had initial exposure to cue reversal conditions on 
the f irst test trial, two different patterns of repeated error respond-
ing 1v-ere observed. First, there was some suggestion of differential 
stimulus control in terms of repeated error responding by saline-treat-
ed mice. Second, strychnine-treated mice tended to exhibit a reduction 
in repeated error responding. Wh ile there was some suggestion of these 
two patterns in terms of repeated error responding in the final 3 dis-
crimination units on t h e first retention test trial, an analysis of 
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variance revealed no significant main effects or interactions. These 
patterns were more apparent in terms of repeated error responding in 
the first 3 discrimination units on the second test trial. In contrast 
to the general absence of differential repeated error responding by sa-
line-treated mice upon initial exposure to cue reversal conditions, on 
the second retention test trial saline-treated mice were observed to 
make significantly more repeated errors when tested under the BR condi-
tion than when tested under either the SR or RL conditions (2 .05 in 
both cases). This distinction between the repeated error responding by 
saline-treated mice on the first and second retention test trials ~ight 
suggest that, while the memory of prior training may not have been read-
ily accessible on t h e initial exposure to cue reversal conditions, expo-
sure to stimulus conditions on the f irst test trial may have served to 
"re-activate" the memory of prior discrimination training. 
In contrast, no significant differences in repeated error responding 
were observed between strychnine-treated mice on the second retention 
test ~rial. Furth er, strychnine-treated mic e tended to make fewer re-
peated errors in the first 3 discrimination units than saline-treated 
mice (.10>£>.05) on the seconQ test trial. These findings were similar 
to t hose reported by Brennan and Gordon; after strychnine-treated mice 
had exhibited enhanced negative transfer ·upon initial exposure to cue 
reversal conditions, strychnine-treated mice were observed to exhibi t 
a significant reduction in error responding on subsequent test trials. 
This finding may be the result of a number of different factors. The 
general reduction in repeated error responding by strychnine-treated 
mice in t h e CR and BR test conditions may reflect the fact t hat, due to 
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the high degree of repeated error responding by STCR and STBR mice upon 
initial exposure to cue reversal conditions, mice in these groups had 
more opportunities to learn about the altered stimulus contingencies. 
This finding may also suggest that strychnine may have also enhanced 
general memory attributes to a certain degree, such that after initial 
exposure to the reversal of critical stimulus cues, strychnine-treated 
mice may have had an enhanced tendency to alter attentional or response 
strategies. 
An effect of retention interval duration was also suggested by the 
fact that on the second retention test tria no significant differences 
in repeated error responding were observed between saline-treated mice 
in the 21 Day retention interval condition. Further, strychnine-treat-
ed mice in the 21 Day retention interval condition were not found to 
exhibit a reduction in repeated error responding on the second retention 
test trial to the same degree as >·ras observed for strychnine-treated 
mice in the l and 7 Day retention interval conditions. As >vas the case 
for initial test performance, the test performance of mice, in the 21 
Day retention interval condition, on the second retention test trial 
suggests that the memory of specific training stimulus cues may not 
have been accessible to the degree that it exerted a clear influence 
on the retention test performance of mice in these groups. 
Both saline-treated and strychnine-treated mice tended to make 
relatively few repeated errors on Test Trials 3 and 4. While some dif-
ferences in repeated error responding were noted on these later test 
trials (cf. Appendix D), these differences primarily reflected repeated 
error responding on the part of 1 or 2 mice within a given treatment 
60 
~~p. 
The patterns of repeated error responding that were observed on the 
first 2 retention test trials were reflective of a complex interaction of 
the effects of drug treatment and retention interval duration. Not only 
was there an indication that post-training strychnine treatment had dif-
ferentially enhanced the memory of the two training cues, but there was 
also a suggestion that there was a pro~essive decrease in differential 
stimulus control as a function of retention interval duration. There 
was also a suggestion that the relative accessibility of the memo~J of 
prior discrimination training on the first retention test trial may 
have influenced the particular patterns of repeated error responding 
that were observed on the subsequent test trials. 
Choice Error Responding. This pattern of results, however, was not 
as evident in terms of the differences in choice error responding that 
were noted between the various treatment groups during retention testing. 
In contrast to the differences in repeated error responding that 1·rere 
observed on the first retention test trial, no sign~ficant differences 
in choice error responding in the first 3 discrimination units were ob-
served on the first retention test trial. 
Following initial exposure to cue reversal conditions, st~Jchnine­
treated mice were observed to make fewer choice errors in the final 3 
discrimination units than saline-treated mice on the first retention 
test trial. This tendency. was most pronounced for mice tested l day 
after discrimination training. STl mice were observed to make signifi-
cantly fewer choice errors in the final 3 discrimination units than 
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SAl mice (.E_<.05) on the first retention test trial. 'dhile this finding 
was similar to that which was noted in terms of repeated error respond-
. ing by strychnine treated mice on the first retention test trial, this 
reduction in choice error responding appeared to be more of a within-
trial phenomenon, for on the second test trial differential choice error 
responding was observed for both strychnine-treated and saline-treated 
mice. 
On the second test trial, both strychnine-treated and saline-
treated mice exhibited greater error responding either when both train-
ing cues were reversed ( CR) or when only the bri ghtness cue (BR) vras re-
versed than when tested under the RL condition. ~·Thile this finding 
might suggest that the brightness cue exerted greater control over 
choice error responding, neither the bright ness nor sequence cues ap-
peared to have exercised maximal control over choice error responding 
on the second test trial; no significant differences in choice error 
responding were observed either between strychnine-treated or between 
saline-treated mice tested under the two partial cue reversal conditions. 
As was the case for the repeated error measure, the effect of retention 
interval duration was reflected in the fact that there was a general 
absence of differential choice error responding by either st~Jchnine­
treated or saline-treated mice in the 21 Day retention interval condi-
tion. 
The effects of post-training drug treatment were less apparent in 
terms of the choice error measure, since differential choice error re-
sponding was observed for both strychnine-treated and saline-treated 
mice on the s econd retention test trial. The principal distinctions ·be-
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tween the patterns of choice error responding by strychnine-treated and 
saline-treated mice on the second test trial were that, first, strych-
nine-treated mice tended to make more choice errors under the complete 
cue reversal condition than saline-treated mice (£<·05). Secondly, 
while both saline-treated and 3trychnine-treated mice exhibited differ-
ential choice error responding in the first 3 and final 3 discrimination 
units on the second test trial, strychnine-treat mice tended to exhibit 
greater differential choice error responding in the final 3 discrimina-
tion units. Given that strychnine-treated mice were observed to exhibit 
a reduction in choice error responding in the f inal 3 discrimination 
units on the first test trial, the absence of clear patterns of differ-
ential choice error responding by strychnine-treated mice in the first 
3 discrimination units on the second test trial may indicate that what-
ever new learning may have occurred on the first test trial may have 
interferred with initial choice responding by strychnine-treated mice 
on t h e second test trial. No differential effects of drug treatment 
were observed in terms of choice error responding on Test Trials 3 and 4. 
In comparison to the relatively straight f orward pattern of results 
which was observed in terms of repeated error responding , t he interpre-
tation of t h e differences in choice error responding is more problem-
atic. Due to the f act that the major diff erences in choice error re-
sponding were observed on the second test trial, i t i s di ff icult to 
attribute these differences unambi guously to an eff ect of post-train-
ing drug treatment on the memory of 9rior di s crimination training. 
While it is diff icult to resolve t h e differences between t he patterns 
of results observed in terms of t h e repeated error and choice error 
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measures, the discrepancy between these patterns of results may by 
indicative of the differential sensitivity of these two response mea-
sures. Using related maze tasks, some other investigators (e.g., Chin, 
Donovick, and Burright, 1976; Sikorszky, Donovick, Burright, and Chin, 
1977) have found the repeated error measure to provide a more sensi-
tive index of the effects of certain experimental treatments (e.g., 
septal lesions). 
Latency. The differences in mean latency, that were observed on 
the first retention test trial, largely reflected the differences that 
were noted in terms of repeated error responding. As indicated by a 
marginally significant interaction of drug treatment x test condition 
(..£: 3,168=2.11, .10 _E)..05), there was a general absence of any signi-
ficant differences in mean latency between saline-treated mice. The 
exception to this general pattern was the finding that SABR mice had 
a significantly longer mean latency on the first trial than SARL mice 
(.lO>.E >·05). In contrast, clear differences in mean latency were 
observed between strychnine-treated mice on the first retention test 
trial. STCR mice and STBR mice were found to have significantly long-
er mean latencies than either STSR (~<.Oland .10) ~>.05, respectively) 
and STRL mice (P<.Ol and P< .05, respectively). These differences in 
~ ~ 
mean latency to traverse the maze were primarily observed between 
st~Jchnine-treated mice in the l Day retention interval condition; 
no reliable differences in mean latency were observed between mice in 
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the 7 and 21 Day retention interval conditions. 
Test Performance: Control Animals. 1dhile the general pattern of 
results suggests that post-training strychnine treatment had enhanced 
the memory of prior discrimination training, it was also important to 
distinguish between the proposed effects of strychnine on the memory of 
prior discrimination training and the possible proactive effects of 
strychnine on test performance. The impairment of initial test per-
formance, which was observed for strychnine-treated mice tested under 
complete cue reversal and brightness reversal conditions, may have been 
due to a proactive influence of strychnine on test performance. St~Jch­
nine could have enhanced or altered existing brightness preferences, 
independent of any effect on the memory of prior discrimination train-
ing. 
It was particularly important to provide a distinction between 
t he effects of strychnine on the memory of prior discrimination train-
ing and possible proactive effects of strychnine on test performance, 
since the most pronounced effects of post-training strychnine treatment 
were observed in terms of the initial test performance of mice that 
were tested 1 day after drug treatment. This distinction was clearly 
provided when comparisons were made between the test performance of 
control and experimental (1 Day retention interval) animals. 
The effect of prior discrimination training was evident in terms 
of the differential effects of the various test conditions on the per-
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formance of control and experimental animals; analyses of variance on 
each of the three response measures (of. Appendix D) revealed a signi-
ficant interaction of training x test condition in each case. The basic 
characteristics of this interaction are illustrated in Figure 6 , in 
which the mean choice errors (over 4 test trials) are presented for con-
Insert Figure 6 about here 
trol and experimental animals as a function of test condition. During 
discrimination training, experimental animals were trained to choose the 
non-preferred \-Thi te alleyway of each discrimination unit. The eff ect of 
prior t r aining vias reflected in the f inding t hat experimental animals 
made significantly more choice errors than cont rol animals, Hh en the 
correct bri ghtness was reversed during t h e testing (i .e., t h e CR and BR 
test conditions, .E.<· 001 in both cases). \·/hen the correct bri ghtness 
was unchanged during testing (i.e., the SR and RL test conditions ), 
experimental animals \'/ere observed to make si gnifi cantly f e\.;er choice 
errors than control animals (.E.<·OOl in both cases). 
There was little evidence that strychnin e had al tered the bright-
ness preference of control animals. Both strychnine-treated and saline-
treated controls tended to make relatively fe;.; errors under the CR and 
BR test conditions. 'Nh ile both strychnine-treated and saline-treated 
controls were observed to exhibit greater error respondi ng under the 
SR and RL test conditions, there was, as indicated in Figure 6, a ten-
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Figure 6. The mean number of choice errors (over four 
test trials) for experimental (1 Day retention interval) 
and control groups is sho\vn as a function of drug treat-
ment and test condition. 
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dency for strychnine-treated controls to make more choice errors under 
the SR condition and fewer - choice errors under the R1 condition than 
saline-treated controls. In most cases, these differences proved to be 
either non-significant or only marginally significant. ~1hile the basis 
of this difference between control animals is unclear, the important 
fact is that, despite this difference between control animals, both 
strychnine-treated and saline-treated controls tended to exhibit greater 
error responding under the SR and R1 test conditions than experimental 
animals. 
Also in contrast to the test performance of experimental animals, 
there was a general absence of significant differences in repeated error 
responding by control animals during testing. On the first test trial, 
however, strychnine-treate~ controls were observed to m~~e si gni f icantly 
fewer repeated errors in the first 3 discrimination units than saline-
treated controls (2(·05) tested under the R1 condition. The general pat-
tern of results, however, would tend to argue against the suggestion that 
the differences initial repeated error responding , which were observed 
between strychnine-treated and saline-treated experimental animals, were 
due to a proactive effect of strychnine on test performance. As illustra-
tedin Figure 7-, there was a clear distinction between the patterns of re-
Insert Figure 7 about here 
peated error responding by experimental (1 Day retention interval co r.di-
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Figure 7. The mean number of repeated errors in the 
first 3 discrimination units on the first test trial 
for experimental (1 Day retention interval) and con-
trol groups in Experiment 3 is shot~ as a function of 
drug treatment and test condition. 
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tion) and control strychnine-treated mice in the first 3 discrimination 
units on the first test trial. In contrast, the distinction between 
the patterns of repeated error responding by experimental and control 
saline-treated mice was less apparent; the only significant difference, 
which was noted between experimental and control saline-treated mice 
on the first test trial, was the tendency of saline-treated control to 
make more repeated errors in the first 3 discrimination units than sa-
line-treated experimental subjects (n~.05) tested under the RL condi-
tion. These general findings provide a further basis of support for 
the suggestion that strychnine had differentially enhanced the memory 
of the two training cues. 
Summary 
Wh ile a more complete discussion of the implications of the pre-
sent findings is reserved for the following section, it would be useful 
to review some of the general findings at this point. 
First, there was evidence that a single post-training injection of 
strJchnine sulphate had enhanced relatively specific attributes of the 
memory of prior discrimination training. Both in terms of initial re-
peated error responding and mean latency on the first retention test 
trial, strychnine-treated mice were found to exhibit significantly 
greater impairment of test performance than saline-treated mice, upon 
initial exposure to complete cue reversal conditions. Further, the 
fact that strychnine-treated mice exhibited greater impairment of ini-
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tial test performance when the brightness cue rather than the se~uence 
cue was reversed suggested that strychnine had selectively enhanced the 
memory of the brightness cue. 
In contrast, there was relatively little evidence of differential 
response impairment on the part of salinetreated experimental subjects 
on the first retention test trial. \·lhile non-trained control animals 
were observed to exhibit differential error responding during testing, 
there was a clear distinction between the test performance of strychnine, 
treated experimental and control animals, suggesting the absence of a 
proactive influence of strychnine on test performance. The differences 
in test performance, which were observed bet1-1een control animals as a 
function of test condition, suggested that control animals were respond-
ing primarily in terms of a brightness preference (see also, Crabbe and 
Alpern, 1973~). 
Second, the suggestion t hat strychnine had differentially enhanced 
the memo~r of the two training cues must be ~ualified by the fact that 
this effect appeared to be relatively short-lived. ·,~nile there •·ras some 
suggestion of differential error responding by strychnine-treated mice 
in t ~1 e 7 Day retention interval condition, no significant differences 
in test performance were observed between strychnine-treated mice that 
were tested 21 day s after drug treatment. The progressive decrease in 
differential stimulus control, whioh was observed as a function of re-
tention interval duration, suggests that there was some degree of for-
getting of prior discrimination training at the 7 and 21 Day retention 
intervals. In contrast, there was relatively little indication of any 
forgetting, ;.,rhen mice were tested under relearning (RL) conditions. 
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Further, when mice were tested under RL conditions, there was no clear 
evidence of a facilitory effect of st~Jchnine treatment. 
The contrasting patterns of results, which were obtained when mice 
were tested under the various cue reversal conditions and the RL condi-
tion, point to the differential sensitivity of these various test condi-
tions as indices of the effects of post-training drug treatment and re-
tention interval duration. Other researchers (e.g., Bunch, 194lb) have 
question the sensitivity of the relearning task as an index of forgetting. 
The present findings provide an additional basis of support for the con-
tention that the relearning task may not be sensitive enough to detect 
the specific characteristics of forgetting over extended retention inter-
vals. 
Some comment should be made at this point re garding an apparent 
discrepan~y between the results of the present study and those of Experi-
ment 1. i-lhen mice were tested on a relearning task in the present study , 
no significant differenees in initial test performance were observed as 
a function of retention interval duration. In contrast, non-injected 
mice nn Experiment 1 were observed to exhibit a significant impairment 
of initial test performance, when tested 21 days after discriminating 
training. Though the actual basis of this discrepancy is unclear, other 
investigators (e.g., Garg and Holland, 1967) have reported a similar dif-
ference in retention test performance between injected and non-injected 
subjects. :·Jhile there was some suggestion, in Experiment 2, of a reten-
tion deficit on the part of saline-injected mice tested 21 days after 
discrimination training, this finding should be regarded with some 
caution, given the noted differences in acquisition performance, 1vhich 
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were observed in Experiment 2. 
Finally, while strychnine treatment was shown to differentially 
enhance the memory of relevant, redundant stimulus cues in both the 
present study and in Brennan and Gordon's study, differences in cue 
salience were noted between these two studies. Brennan and Gordon 
reported that strychnine-treated mice exhibited greater response impair-
ment when the spatial-sequence cue was reversed during testing; in the 
present study, strychnine-treated mice were observed to exhibit greater 
response impairment when the brightness cue was reversed. Because mice 
were given two discrimination training trials prior to drug treatment 
in both studies, it is difficult to clearly isolate the source of va-
riance between these two studies; there is, however, some suggestion 
that these differences may reflect the fact that, at the time of drug 
treatQent, subjects in these two studies may have differed in terms of 
degree of learning. 
In various pilot studies, we have noted that the relative salience 
of the two stimulus cues may be subject to the influence of a number of 
variables (e.g., prior handling, degree of training, and task difficulty). 
The general finding has been that, \vhen mice are given betvreen 4 and 12 
training trials on the present discrimination problem, mice tend to ex-
hibit greater response impairment when the brightness cue rather than 
the spatial-sequence cue is reversed on test trials. As such, the dif-
ferences in cue salience, which were noted between the present study and 
that of Brennan and • :Gordon, may suggest that, in the present study , mice 
were at a relatively higher degree of learning at the time of drug treat-
ment. ':f}J.atever the basis of the differences between these two studies, 
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the findings in both cases underscore the importance of considering the 
characteristics of the memo~J, which are enhanced by post-training strych-
nine treatment. 
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General Discussion 
An attempt v,ras made in the present studies to address questions, 
which have received relatively little attention in prior research con-
cerning the effects of CNS stimulants on memory processing. Th e prin-
cipal intent of the present studies was to determine the effects of 
post-training strychnine treatmsnt on the retention of specific memory 
attributes across extended temporal intervals. The results of these 
studies do not provide for a simple summary statement regarding the 
effects of strychnine on the memo~J of a learning experience, but rather, 
point to the complexity of the effects of strychnine on retention test 
performance. 
The present findings add to a growing body of evidence, which sug-
gests that strychnin e primarily enhances relatively speci f ic attr i butes 
of the memory of a learning experience. Gordon and Spear (1973 ) and 
Gordon (1977) have shown that, when rats t-rere administered st rychnine 
after passive avoidance training , strychnine-treated rats required sig-
nificantly more trials to learn a conflicting active avoidance response 
than saline-treated rats. These findings suggest that strychnine had 
enhanced the memory of a specific response tendency . If strychnine had 
primarily enhanced the memory of more general or less relevant training 
experiences (e. g., handling experiences or exposure to t h e apparatus), 
the retention of these more general training experiences mi ght be expect-
ed to transfer positively to the test situation and, as such, f acil i tate 
rather than impair active avoidance learning . 
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In the present studies (Experiment 3), str;Jchnine treatment \'las 
shown to impair initial test performance, when the relevant stimulus 
cues were reversed during testing, suggesting that strychnine had en-
hanced the memory of specific stimulus-response associations. Not only 
were strychnine-treated mice observed to exhibit greater negative trans-
fer upon initial exposure to complete cue reversal conditions than sa-
line-treated mice, but the effects of post-training strychnine treat-
ment were also shown not to be due to a proactive effect of strychnine 
on test performance. As such, these findings replicated the findings 
of Brennan and Gordon (in press, Experiment 1). 
Beyond a basic distinction between the effects of strychnine on 
specific and general memory attributes, the results of Experiment 3 
also suggested that post-training strychnine treatment had differentially 
enhanced the memory of the two redundant, relevant stimulus cues ( a 
brightness cue and a spatial-sequence cue). In the present instance, 
it appeared that strychnine had selectively enhanced the memory of the 
brightness cue, since strychnine-treated mice were observed to exhibit 
greater response impairment wh·en the brightness cue rather than the 
spatial-sequence cue was reversed during retention testing. In compari-
son, there was relatively little evidence of differential response im-
pairment in terms of the initial test performance of saline-treated mice. 
1dhile the basic character of this finding was similar to that 1.rhiah 
was reported by Brennan and Gordon, differences were noted between these 
studies. In Brennan and Gordon's study, strychnine appeared to select-
ively enhance the memory of the spatial-sequence cue; in the present 
study, strychnine appeared to selectively enhance the memory of the 
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brightness cue. The suggestion was made that these differences may re-
flect the fact that the subjects in these hm studies differed in terms 
of degree of learning at the time of drug treatment. This suggestion is 
not without some precedent. There is some evidence (e.g., Hicks, 1964; 
MacKintosh, 1965) that, during the course of maze learning, there may 
be a change in the particular stimulus cues, which are controlling 
choice responding by rats. \·lhile this possible phenomenon needs to be 
established more convincingly in the present paradigm, there is at least 
an initial suggestion that the specific effects of strychnine-induced 
enhancement may vary as a function of the relative salience of stimulus 
cues at the time of drug treatment. 
In addition to providing an indication of the specificity of the 
effects of strychnine, the present findings also suggest that t h e effects 
of strychnine-induced enhancement are more complex than can be ascertain-
ed within the context of a simple relearning task. Because a relearning 
task represents an optimal situation for both specif i c and general posi-
tive transfer from prior training, not onl y is it difficult to determine 
the specificity of the effects of strychnine under these conditions, but 
effects of general positive transfer on t h e test performance of control 
subjects may, in some cases, further obscure the effects strychnine-
induced enhancement of specific memory attributes. In this latter re-
spect, it is note1wrthy that while there was no clear evidence of a 
facilitory effect of strychnine treatment, when mice were tested on a 
relearning task 24 hours after drug treatment in both Experiments 2 a.nd 
3, the findin g that strychnine-treated mice exhibited significantly great-
er response impairment than saline-treated mice, upon initial exposure to 
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complete cue reversal conditions in Experiment 3, does, however, suggest 
that strychnine had enhanced the memory of specific stimulus-response 
associations. 
The limitations of the relearning test condition become an even more 
critical issue, when animals are tested after extended drug treatment-
retention test intervals. Bunch (l94lb) has discussed some of the prob-
lems of using a relearning task as an index of the retention of prior 
training; because there appears to be differential forgetting of speci-
fic and general memory attributes, any forgetting of specific memory 
attributes, which may occur as a function of retention interval duration, 
may be masked by the retention of more general memory attributes. The 
relearning task does not provide a clear means of assessing the specific 
characteristics of a memory at the time of retention testing. This prob-
lem was brought to light by the results of the present studies. In both 
Experiments l and 2, the suggestion was made that, after relatively long 
retention intervals, mice may have been attending to inappropriate or 
different stimulus cues at the time of retention testing , because guali-
tative ·:differences in the patterning of choice responding were observed 
as a function of retention interval duration. The f act t hat, in Experi-
ment 2, differences were also observed between the patterns of error 
responding by strychnine-treated and saline-treated mice further sug-
gested that there may have been differences in the stimuli Hhi ch >ve re 
controlling the retention test performance of strychnine-treated and 
saline-tr-eated -mice. In both cases, however, there was no clear means 
of specifying the nature of the particular differences i n test perform-
ance, Hhich >vere observed in Experiments l and 2, because mice were 
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tested on a relearning task. 
~.Jhen mice were tested under various cue reversal conditions in 
Experiment 3, however, an initial basis was provided for specifying the 
interactive effects of drug treatment and retention interval duration. 
At a general level, a comparison between the performance of mice test-
ed under complete cue reversal conditions and the test performance of 
mice tested on a relearning task suggested a distinction between the 
retention of specific and general memory attributes across extended 
retention intervals. The progressive decrease in negative transfer 
which was observed as function of retention interval duration, when 
mice were tested under complete cue reversal conditions, suggested that 
some forgetting of specific stimulus-response associations had occurred. 
However, the finding that, even after a 21 Day retention interval, mice 
exhibited relatively little impairment of test performance under relearn-
ing conditions, indicated that there was relatively little forgetting 
of more general training experiences. 
Hhile this distinction between the retention of specific and gen-
eral memory attributes is important and in agreement Hith some earlier 
findings (e. g ., Bunch, 1939) , perhaps the most interesting findings were 
reflected in terms .of the diff eren:tial effects of retention interval 
duration on the initial test performance of strychnine-treated and sa-
line-treated mice. 
The effects of post-training strychnine treatment appeared to b e 
relatively short-lived, in that the effects of strychnine treatment 
were clearly evident, only when mice were tested 24 hours after drug 
treatment. After the 7 and 21 Day retentio n intervals, the effects of 
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post-training strychnine treatment appeared to be masked by the forget-
ting of specific stimulus-response associations, which had taken place 
over these retention intervals. Some qualifications should, however, 
be introduced. 
'l'lhile the progressive decrease in negative transfer, >vhich was ob-
served when strychnine-treated mice were tested under complete cue re-
versal conditions after the 7 and 21 Day retention intervals, suggested 
that there was some forgetting of specific stimulus-response associations, 
there was nevertheless, some indication that the memory of specific stim-
ulus-response associations was still accessible to a certain degree, wh en 
strychnine-treated mice were tested 7 aay s after drug treatment. At t h e 
7 Day retention interval, strychnine-treated mice were observed to make 
significantly more repeated errors on the initial retention test t rial, 
when tested under complete cue reversal conditions than when tested under 
relearning conditions. In contrast, there was relatively litt l e evidence 
that the initial test performance of saline-treated mice tvas meciiated by 
the retention of specific stimulus-response associations, s i nce no signi-
ficant differences in initial repeated error responding were observed be-
tween saline-treated mice tested under complete cue reversal conditions 
and saline-treated mice tested under relearning conditions, at any of the 
three retention intervals. 
The effects of retention interval duration were revealed in a more 
complex fashion, when mice were tested under partial cue reversal condi-
tions. i·ihile t h ere was a suggestion that strychnine had selectively 
enhanced the memory of the brightness cue, this effect was only evident 
in terms of the initial test performance of strychnine-treated mice test-
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ed 24 hours after drug treatment. No significant differences in initial 
test performance were observed between strychnine-treated mice tested un-
der partial cue reversal conditions, at either the 7 or the 21 Day reten-
tion intervals. This decrease in differential stimulus control would 
suggest a relatively more rapid rate of forgetting of specific stimulus-
response associations than would seem to be the case, when the initial 
test performance of strychnine-treated mice tested under complete cue 
reversal conditions is considered. 
This discrepancy may be a function of a number of different factors. 
It is possible, for example, that in addition to whatever forgetting 
that may have occurred, the fact that, under BR condition, the less sa-
lient spatial sequence cue was unchanged during testing may have also 
represented a source of interference; i.e., there may have been some 
confusion as regards which cue (the reversed vs. ·. the unchanged stimulus 
cue) should be attended to. It is also possiole that there may have been 
a change, as a function of retention interval duration, in t h e specific 
stimulus cues which were controlling initial test performance. 
There would seem to be some suggestion of this latter possibility 
in terms of the test performance of saline-treat ed mi ce. Aft er a l Day 
retention interval, saline-treated mice were observed to make more re-
peated errors on t h e initial test trial, when the bri ghtness cue rat her 
than the spatial-sequence cue was reversed; after retention intervals of 
7 or 21 day s , however, saline-treated mice tended to m~~e more repeated 
errors on the initial test trial, when the spatial-sequence cue was re-
versed. :1hile these findings might suggest that, after retention inter-
vals of eith er 7 or 21 days , saline-treated mice were at tending more to 
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the spatial-sequence cue on the initial test trial, these findings would 
seem to be more indicative of the fact that saline-treated mice were re-
sponding more in terms of a brightness preference than the memory of 
prior discrimination training, since saline-treated mice were observed 
to exhibit relatively little response impairment, when tested under com-
plete cue reversal conditions after either the 7 or 21 Day retention in-
tervals. 
These qualita~ive differences in initial test performance, which 
were observed when mice were tested on partial cue reversal conditions, 
are perhaps one of the most interesting findings of the present studies. 
~ih ile there is a suggestion that the effect of retention interval dura-
tion was reflected in terms of a loss or a change in stimulus control, 
it is difficult to provide a clear interpretation of these findings, since 
there was an absence of clear differences in initial test performance be-
tween the various treatment groups tested at t he latter retention inter-
vals. In the face of these difficulties, it should, nevertheless, be 
realized that the characteristics of these particular retention deficits 
went largely undetected, when mice were tested on a relearning task. 
The implications of the present findings, however, go beyond a purely 
methodolo gical consideration and raise questions for further research. 
First, while strychnine was shown to enhance relatively specific 
attributes of the memory of prior discrimination training, post-train-
ing strychnine treatment was not found to demonstrably enhance the 
retrieval of these memory attributes after a relatively long (21 Day ) 
retention interval. Though this finding may be taken as an initial 
suggestion that the effects of stry chnine may not oe reflected in terms 
80 
of an enhancement of the organization or "elaboration" of the memory of 
a learning experience (cf. Lewis, 1976), this issue remains open to ques-
tion. It is possible, for instance, that while post-training strychnine 
may not "protect" specific memory attributes from whatever forgetting 
that may oecur as a function of retention interval duration, post-train-
ing strychnine may enhance the susceptibility of speci f ic memory attri-
butes to the effects of subsequent "memory reactivation" treatments. 
It is also possible, however, that t hese findings may be indicative 
of t h e fact that post-training st~Jchnine treatment may bias the manner 
in which the memory of a learning event is processed, such that the mem-
ory is less accessible for retrieval after extended retention intervals. 
It may well be the case that both specific and general memory attributes 
need be organized or "elaborated" into an a ssociative network f or effi-
cient memory retrieval. By inducing an enhancement of the processi ng of 
specific memory attributes, strychnine may, in this light, have a detri-
mental eff ect on t h e 11 elaboration" of the memory of a learning event; 
less time or attention may be afforded to the processing of more general-
contextual aspects of a learning event. As a result,a strychnine-enhanced 
memory may then be more susceptible to interference or be less acceptible 
at the time of retention testing, when there are pronounced changes in 
contextual stimuli over temporal intervals. 
Second, the present findings also point to the complex changes, 
which the memory of a learning experience may undergo as a function of 
retention interval duration. As such , these findings Hould seem to r ai se 
some q'..l.estions regarding the speci fi city o f the eff ects of "memory reac-
tivation" trea t ments. At one level, questions may be raised as to whethe r 
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the characteristics of a "reactivated" memory are similar to the charac-
teristics of tae memory at the time of original learning (see Gordon, 
1977 for an initial treatment of this issue), and whether the Charac~er­
istics of a "reactivated" memory may Va.Iff as a function of the time inter-
vening between original learning and the introduction of the "memory 
reactivation" treatment. At another level, a question may be raised as 
to whether different stimuli from a learning situation may bias the 
retrieva~ of different memory attributes. 
These types of questions are complex and would seem to require a 
more sophisticated type of behavioral analysis than has typically been 
afforded by the more conventional behavioral paradigms used in animal 
memory research. These types of questions do not lend themselves to 
easy answers. If the present efforts are an example, more questions 
may be raised than are actually answered. If however, the memory of 
a learning experience is regarded as a complex entity, represented by 
various attributes (e.g., Underwood, 1969; Spear, 1971), these andre-
lated questions need to be addressed at some level, if further progress 
is to be made in better understanding the nature of memory processes 
and the neurobiological correlates of memory processes. 
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Appendix A 
The effects of st~Jchnine and other 
"memory-enhancing" agents on 
CNS activity 
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'dhile there is evidence that strychnine sulphate and other CNS 
stimulants may enhance the memory of a learning event, the specific 
neurobiological mechanism( s), through 1.,rhich these agents exert an 
effect on memory processing, has not been well defined. One of the 
principal problems in delineating the physiological basis of the ef-
fect of these agents on memory processing has been the fact that 
these agents affect CNS activity via different mechanisms of action 
(e.g., Krauz, 1975). 
In this regard, consider the effects of strychnine, picrotoxin, and 
pentylenetetrazol on CNS activity . All t hree agents have been shown to 
enhance CNS excitatory activity and, when administered at sufficiently 
high dose levels, have been shown to inducebehavioral convulsions. 
These a gents, however, differ in t erms of specific mechanisms of action 
and also differ in terms of primary sites of effectiveness along th e 
neuroaxis. 
Of these three agents, the effects of stry chnine have been the 
most extensively studied. Eccles, Schmidt , and ~'iillis (1963) proposed 
that st rychnine enhances CNS excitatory activity by blocking post-strych-
nine inhibition. More recent studies (e. g . , Straughan, 1974; Synder , Young, 
Bennett, and Mulder, 1973; Yourng and Synder, 1973; 1974) have attributed 
the disinhibitory effect of strychnine to a selective antagonism of the 
inhibitory neurotransmitter, gl ycine. Strychnine has been shown to have 
a h i gh affinity f or binding on glycine-sensitive receptor si t es and i s 
thought to block the inhivitory effects of gl ycine by means of a compe-
tition for receptor sites (e.g., Young and Synder, 1973) . The principal 
93 
effective sites of strychnine have also been shown to parallel the 
regional distributions of glycine-sensitive receptor sites, vJi th the 
principal effective sites of strychnine being in the spinal cord and 
the lower brain s~em (Young and Synder, 1973; Franz, 1975). 
Picrotoxin, like strychnine, is thought to enhance CNS excitatory 
activity via a disinhibitory mechanism; but in contrast to strychnine, 
the principal mechanism of action of picrotoxin is thought to be a 
blocking of presynaptic inhibition (Eccles, Schmitt, and Willis, 1963). 
The disinhibitory effect of picrotoxin has been suggested to be due to 
an antagonism of another inhibitory neurotransmitter, ~aminobutyric acid 
or GABA (e.g., Galendo, 1969; Hill, Simmonds, and Straughan, 1972). 
1dhile picrotoxin can affect spinal cord activity, the principal effect-
ive sites of picrotoxin are thought to be higher (supraspinal) CNS sites 
(cf. , Hahn, 1960; Straughan, 1974). 
In contrast to both st~Jchnine and picrotoxin, pentyl enetrazol is 
thought to enhance neural activity by augmenting ongoing CNA excitatory 
activity (Baker, Katky, and Benedict, 1965; Fleming, 1973; Hahn, 1960 ) . 
While the specific mechanism of action is unclear, it has been sho~m 
that penty lenetrazol can induce repetitive neural firing and shortens 
the duration of neural refractory periods (e.g., Eyzaquirre and Lilien-
thal, 1949; Hahn, 1960; Lewin and Esplin, 1961) . There is also some 
suggestion that the enhancement of neural activity by penty lenetrazol 
may be due to a depolizing action of pentylenetrazol (Gross and i·Joodbu~J, 
1972). The primary sites of the effects of pentylenetrazol appear to 
be higher brain (cortical) structures (cf. Esplin and Zablocka-Esplin, 
1969; Franz, 1975). 
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The regional differences in the sites of primary effectiveness of 
these drugs is also reflected in the findings of the few studies in v;hich 
these agents were administered directly to different bra±n structures 
after training. Doolittle and Thompson (1966) reported that topical 
(cortical) application of pentylenetrazol (0.01%) facilitated maze 
learning by rats. Post-trial administration of pentylenetrazol (5-10 mg) 
directly to the hippocampus has also been demonstrated to enhance bri ght-
ness discrimination learning by rats (Grossman, 1969) . ~1hile Doolittle 
and Thomson failed to observe a facilitory effect of topical st~Jchnine 
administration, Alpern (1968) has reported that implantation of stry ch-
nine crystals in the mesencephalic reticular formation. enhanced discri-
mination learning by rats. 
Due to the diverse mechanisms of action of these and other CNS 
stimulants, shown to enhance the retention of a learned response, recent 
proposals have tended to suggest that the facilito~J effects of these 
agents on memory processing are expressed via a common (non-specific) 
mechanism of action (Gold and McGaugh, 1975; McGaugh, 197 3; McGaugh 
and Krivanek, 1970; and SQuire, 1976). The principal suggestion along 
these lines is that strychnine and other CNS stimulants may enhance 
memory processes by increasing arousal level (e.g., Gold and McGaugh, 
1975; Flood, Jarvik, Bennett, Orme, and Rosenzweig, 1977) by way of 
the effects of t~ese agents on mesencephalic reticular formation acti-
vity. 1.-Thile the findings of recent electrophsiological studies (Krauz, 
1975; Landfield, 1976), in Hhich a relationship has been observed be-
tween the facilitory effects of strychnine on learning and the effects 
of st~Jchnine on CNS activity, provide some preliminary support for 
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Appendix B 
Summary tables for the analyses of variance performed 
on training and test data from Experiment l* 
* In Appendix B and all subsequent appendices, only t he F-ratios and 
mean square error terms for each analysis of variance are indicated, 
in order to simplify the presentation of the results of the statisti-
cal analyses that were conducted. 
Table Bl 
F-ratios and mean square (MS) err or terms f or t he 
analyses of va r i ance perf ormed on training dat a 
Experiment 1 . 
F-rat i os and MS error Terms 
Choi ce Repeated 
Source df Erro r Error Latency 
Ret ention I nterval (RI ) 3 0. 376 0.40 1. 629 
MS , S/RI 
Trials (T) 
RI x T 
MS, (S/RI) x T 
* .E_.(. 05 
*** p <. OOl 
26 
l 
3 
26 
( 0. 229) (0 . 316) (335 . 80) 
0. 00 14 . 00*** 20 . 89*** 
1. 364 l. 50 3. 11* 
(0 . 223) (0 . 178) (168 . 494) 
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Table B2 
F-ratios and mean square (MS) error terms for the 
analyses of variance performed on retention test 
data, Experiment l . 
Choi ce Repeated 
Source df Error Error Latenc;y 
Retention Interval (RI) 3 3. 623* l. 75 2. 96 
MS, S/RI 26 ( 0. 3 36 ) ( 0 . 06 7 ) ( ll7 . 81) 
Trials (T) 3 7. 812***2 . 06 ll. 58*** 
RI X T 9 0. 824 0.77 0.97 
MS ' ( s I RI ) X T 78 (0.174) (0.057) (52.79) 
Discrimination Units (U) 5 1.214 0.94 
RI :x U 15 0.932 1. 87* 
MS, (S/RI) :x: U 130 (0.228) (0.042) 
T Xu 15 1.064 0.580 
RI X T X u 45 0.777 0.777 
MS, (*RI) x T x U 390 (0.220) (0.051) 
* JK-05 
*** .E (.001 
Table B3 (a) 
F-raties and mean square (MS) error terms for the 
analysis of variance performed on repeated error 
responding in the first three discrimination 
units during retention testing, Experiment 1. 
Source df F-raties and HS error 
Retention Interval (RI) 3 0. 82 
(0.166) MS, S/RI 26 
Trials 3 1.00 
RI x Trials 9 
MS, (S/RI) x Trials 78 
0.99 
(0.147) 
Table B3 (b) 
F-raties and mean square error terms ( MS) for the 
analysis of variance performed on repeated error 
responding in the final three discrimination 
units during retention testing, Experiment 1. 
Source df F-raties and MS error 
Retention Interval (RI) 3 4.47 * 
MS, S/RI 26 (0.125) 
Trials 3 1.95 
RI x Trials 9 1. 34 
MS, (s/RI) X Trials 78 (0.121) 
* ..E<· 05 
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Appendix C 
Summary tables for the analyses of varianc per-
formed on training and test data from 
Experiment 2 
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Table C 1 (a) 
F-ratios and mean square (MS) error terms for the 
analyses of variance performed on training data 
Experiment 2 
Choice Repeated 
Source df Error Error Latency 
Drug Treatment (D) 1 o.oo 0.270 0 . 34 
Retention Interval (RI) 3 4-14 ** 1.40 . LBO 
D x RI 3 0.48 2.60 1.57 
MS , S/D x RI 49 (0 . 240) (0.153) (356.44) 
Trials ( T) 1 0.58 21 . 99*** 101.94*** 
D X T . 1 0.28 o:oa 0.06 
RI x T 3 0 . 85 0 . 06 0 . 08 
D x RI x T 3 1. 20 2.67 1. 45 
MS , ( S /D x RI ) x T 49 (0.232) (0 . 182) (239 . 74) 
Table C 1 (b) 
F-ratios and mean square (MS) error terms for the 
analyses of variance performed on Training Trial 2 
data, Experiment 2 . 
Source 
Drug Treatment (D) 
Retention Interval (RI) 
D x RI 
MS, S/D x RI 
* 
** 
*** 
_EC:. 05 
_E<. 01 
_2<.001 
df 
1 
3 
3 
49 
Choice Repeated 
Error Error Latency 
0.122 O.<:H5 e . Bl 
3 . 683 * 0.265 1.20 
0 . 217 0 .142 0 . 09 
(1.4.4) (0.702) (135 . 95) 
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Table C2 
F-ratios and mean square (:MS) error terms for the 
analyses of variance performed on retention test 
Source 
Drug Treatment (D) 
Retention Interval (RI) 
D x RI 
MS, S/D x RI 
Trials ( T) 
D x T 
RI x T 
D X RI X T 
MS, (S/D x RI) x T 
Discrimination Units (U) 
D X u 
RI X u 
D X RI X u 
MS, (S/D X RI) X u 
T Xu 
DxTxU 
RI x T x U 
D X RI X T X u 
MS, (S/D X RI) X T X u 
* 
~ 
*** 
P.<· 05 
P<~Ol 
:p<.OOl 
df 
1 
3 
3 
49 
3 
3 
9 
9 
147 
5 
5 
15 
15 
245 
15 
15 
45 
45 
735 
data, Experiment 2. 
Choice 
Error 
0.02 
5.80** 
7 .14*** 
(0.227) 
15.20*** 
1.97 
1.10 
1.30 
(0.165) 
5. 64*** 
1.01 
1.94* 
0. 81 
(0.219) 
3.95*** 
1.08 
l. 71** 
0. 81 
(0.162) 
Repeated 
Error 
0.97 
l. 36 
0.90 
(0.070) 
0. 37 
0.68 
0.58 
0. 80 
(0.083) 
0.66 
0.46 
0.62 
0.97 
(0.083) 
0.94 
0.78 
0.89 
0.90 
(0.082) 
Latency 
0.69 
1.67 
4.29* 
(155.42) 
20. 95*** 
0.61 
1.93* 
1. 88* 
(45.089 ) 
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Source 
Table C3 (a) 
F- raties and mean square ( MS) error terms for the 
analysis of variance performed on choi ce error re-
responding in. the first three discrimination units 
during retention testing, Experiment 2. 
df F- raties and lilS error 
Drug Treatment (D) 1 0.94 
Retention Interval 
D x RI 
MS, S/D x RI 
Trials (T) 
D x T 
RI x T 
D X RI X T 
~1S , ( S /D x RI ) x T 
* 
** 
*** 
_£<'. 05 
.£<· 01 
_£<.001 
(RI) 3 2. 89* 
3 8.48*** 
49 (0.504) 
3 8.75*** 
3 1. 84 
9 0.62 
9 1.69 
147 (0.435) 
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Source 
Table C3 (b) 
F-raties and mean square (MS) error terms for the 
analysis of variance performed on choice error re-
sponding in the final three discrimination units 
during retention testing, Experiment 2. 
df F-raties and :t.1S error 
Drug Treatment (D) 1 0. 50 
Retention Interval (RI) 
D x RI 
MS, S/D ::x: RI 
Trials (T) 
D X T 
R1 X T 
D X RI X T 
MS, (S/D x RI) x T 
* 
** 
*** 
J?_<. 05 
.E.<· 01 
.E,<.Ot)l 
3 4.46** 
3 3. 43* 
49 (0.586) 
3 6.77*** 
3 0.44 
9 1.41 
9 0.47 
147 (0.591) 
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Appendix D 
Summary tables for the analyses of variance 
performed on training and test data from 
Experiment 3. 
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Tabl e Dl 
E.-ratios and mean square (MS) error t erms for the 
analys es of variance performed on training data, 
Experiment 3. 
Choice Repeated 
Source df Error Error 
Drug Treatment (D) 1 0. 17 0. 02 
Retention Interval (RI) 2 0. 01 0.043 
D x RI 2 0.47 3.31* 
Test Condition (c) 3 2. 41 0. 51 
D X c 3 1.64 0.74 
RI x C 6 1.48 0.53 
D X RI X c 6 0. 43 0.54 
Latency 
0. 37 
3. 21* 
0. 94 
0 . 61 
1.00 
0.52 
0. 68 
MS ' s /D X RI X c 168 (0 . 210) (0 . 335) (408. 80) 
Trials ( T) 
D x T 
RI x T 
D X RI X T 
c X T 
D X C X T 
RI X c X T 
D X RI X c X T 
MS,(S/D x RI x C)x T 
* 
*** 
.12. ' • 05 
.12. ~ . 001 
1 
1 
2 
2 
3 
3 
6 
6 
168 
0. 21 84 . 41** 291.27*** 
0.91 0 .12 0.00 
0. 09 1.97 1.12 
0.95 1. 39 0.53 
0.64 0 . 74 1. 41 
0. 42 1.08 1. 02 
0.42 0 . 32 0. 42 
0. 68 0 . 61 0 .52 
(0.253) (0 . 369 ) (369 . 76) 
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Table D2 
K- ratios anc mean square (MS) error terms for the 
analys es of variance performed on Training Trial 2 
data, Experiment 3. 
Choice Repeated 
Source df Error Error 
Drug Treatment (D) 1 0.808 0.325 
Retention Interval (RI) 2 0.208 1.900 
Test Condition (c) 3 0.425 1. 846 
D x RI 2 1.177 1. 853 
D X c 3 0.379 o. 56 8 
RI X c 6 0.251 0. 805 
D x RI x C 6 0.432 0 . 514 
Latency 
0 . 47 
1. 23 
0.15 
0 . 29 
1.27 
0.27 
0 . 96 
MS, S/D x RI x C 168 ( 1. 650) ( 1. 207 ) ( l 7 3 • 7 3 ) 
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Table D3 
F-ratios and mean square (MS) error terms for the analyses of 
variance performed on retention test data, Experiment 3. 
Source 
Drug Treatment (D) 
Retention Interval 
D X RI 
Test Condition (c) 
D X c 
RI X c 
D x RI x C 
MS , S /D x RI x C 
Trials (T) 
D x T 
RI x T 
D x RI :x: T 
C x T 
D X c X T 
RI X c X T 
(RI) 
D X RI X c X T 
MS,(S/D x RI x C)x T 
Discrimination Units (U) 
D :x: U 
RI x U 
D X RI X u 
C X U 
D :x: C :x: U 
RI x C x U 
D X RI X c X u 
MS,(S/D x RI x C)x U 
Trials x Units (T :x: U) 
D X T Xu 
RI x T x U 
D X RI X T X u 
c X T Xu 
D X c X T X u 
RI X c X T Xu 
D X RI X c X T X u 
MS, (S/D x RI x C)xTxU 
* .E<.05 
df 
1 
2 
2 
3 
3 
6 
6 
168 
3 
3 
6 
6 
9 
9 
18 
18 
504 
5 
5 
10 
10 
15 
15 
30 
30 
840 
15 
15 
30 
30 
45 
45 
90 
90 
2520 
** .E. <. • 01 
Choice 
Error 
0.29 
2.18 
0.72 
6.78*** 
1.12 
1.17 
0.72 
(0.328) 
43.21*** 
0.14 
0.31 
1.06 
2. 39** 
0.16 
0.79 
1.12 
(0.197) 
4 . 47* 
0. 96 
1.44 
2.72** 
5. 06*** 
1.44 
0.71 
l. 70 
(0.242) 
1.90** 
1.63* 
1.04 
0.84 
1.08 
1.61** 
1.25 
0. 85 
(0.197) 
Repeated 
Error Latency 
0.16 
0.35 
0.80 
13.41*** 
o. 29 
0.79 
1.54 
(0.194) 
11. 59*** 
0.61 
0.70 
1.23 
1.21 
1.25 
l. 21 
0.44 
(0.169) 
1. 33 
0.47 
0. 83 
0. 81 
1.96* 
1.78* 
0 .71 
0. 86 
(0.164) 
1. 75* 
1.25 
1. 39 
0.67 
1.66** 
1. 86** 
1.04 
0 . 74 
(0.171) 
0.07 
0.24 
0.01 
6.67*** 
1.05 
1.03 
0.67 
(173.39) 
39.50*** 
1.20 
1.18 
0.69 
1.62 
0. 89 
0.92 
0.98 
(125.26) 
*** p < .001 
Table D4 
£-ratios and mean square (MS) error terms for each 
of the analyses of variance performed on choice error 
responding in the first three discrimination units at 
each test trial, Experiment 3. 
Source 
Drug Treatment (D) 
Retention Interval (RI) 
Test Condition (c) 
D x RI 
D X C 
RI x C 
D X RI x C 
MS,S/D x RI x C 
Source 
Drug Treatment (D) 
Retention Interval (RI) 
Test Condition (c) 
D x RI 
D X C 
RI x C 
D X RI X c 
MS,S/D x RI x C 
* 
*** 
.R < . 05 
.p < .001 
Test 
df Trial 1 
1 1.951 
2 0.567 
3 1.285 
2 2.052 
3 0.583 
6 0.46 8 
6 0 . 441 
168 (0.772) 
df Trial 3 
-
1 o. 759 
2 o. 590 
3 1. 659 
2 0.197 
3 1.559 
6 1. 565 
6 0.772 
168 ( 0 . 556) 
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Test 
Trial 2 
0.083 
3.329* 
6.453*** 
o. 360 
0 .526 
0.513 
1 . 061 
(0.562) 
Trial 4 
0.367 
1. 235 
0 . 558 
1.316 
1 . 048 
0.650 
0 . 813 
(0.510) 
llO 
Tabl e D5 
~-rati o s and mean square (MS) err or terms for each of the 
analyses of variance performed on choice error responding 
in the final three discrimination units at each test trial, 
Experiment 3. 
Source 
Drug Treatment (D) 
Retention Interval (RI) 
Test Condition (C) 
D x RI 
D x C 
RI x C 
D X RI X c 
MS,S/D X RI X c 
Source 
Drug Treatment ( D) 
Retention Interval (RI) 
Test Condition (c) 
D x RI 
D X C 
RI x C 
D x RI x C 
MS,S/D x RI x C 
* 
** 
*** 
1?. < • 05 
.12. < .01 
12. < .001 
df 
1 
2 
3 
2 
3 
6 
6 
168 
df 
1 
2 
3 
2 
3 
6 
6 
168 
Test Test 
Trial 1 Trial 2 
0.267 0.293 
0. 823 1.978 
1. 592 6 . 685*** 
3- 493* 2.271 
1.275 0 . 467 
2.237* 1 . 663 
1 . 209 1.566 
(0 . 702) (0 . 640 ) 
Test Test 
Trial 3 Tri al 4 
0 . 837 0 . 294 
1. 080 1 . 428 
4 .175** o. 936 
1.917 0 . 073 
0 . 547 1 . 664 
0 . 768 1.123 
0 . 421 1. 379 
(0 . 62 2 ) ( 0 . 638 ) 
lll 
Table D6 
F-ratios and mean square (MS) error terms for each of the 
analyses of variance performed on repeated error responding 
in the first three discrimination units at each test trial, 
Experiment l. 
Test Test 
Source df Trial l Trial 2 
Drug Treatment (D) l 1. 893 3.111 
Retention Interval (RI) 2 1.924 1. 835 
Test Condition (c) 3 4-745** 1.394 
D x RI 2 0.634 1. 835 
D X c 3 4.829** 2.819* 
RI x C 6 1.484 0.652 
D x RI x C 6 0.110 0. 425 
Ms, s/D x RI x c 168 (0.993) (0.429) 
Test Test 
Source df Trial 3 Trial 4 
Drug Treatment (D) l 0.441 0.891 
Retention Interval (RI) 2 0.193 0.564 
Test Condition (c) 3 0.792 1.958 
D x RI 2 2.278 0.939 
D X c 3 0.965 0. 903 
RI x C 6 0.652 0.612 
MS, S/D x RI x C 168 ( 0.1 89) (0.286) 
* £. <. 05 
** £.<.01 
Table D7 
~-ratios and mean square (MS) error terms for each of the 
analyses of variance performed on repeated error responding 
in the final three discrimination units at each test trial, 
Experiment 3. 
Test Test 
Source df Trial 1 Trial 2 
Drug Treatment (D) 1 0.008 0.887 
Retention Interval (RI) 2 2.350 0. 820 
Test Condition (C) 3 1.381 1.684 
D :x: RI 2 1.154 1.128 
D x C 3 1.470 0 . 312 
RI X c 6 0 .601 0.310 
D x RI x C 6 0.490 1.637 
MS, S/D x RI x C 168 ( 0. 6 27) (0 . 845) 
Test Test 
Source df Trial 3 Trial 4 
Drug Treatment (D) 1 0 .028 0 . 474 
Retention Interval (RI) 2 0 .790 0 . 053 
Test Condition (c) 3 4 . 724** 2. 298 
D x RI 2 0 . 500 2. 053 
D :x: C 3 0 . 503 2. 579 
RI x C 6 0 .790 0 . 614 
D X RI :X: c 6 0.638 o. 368 
MS,S/D x RI :x: C 168 (0 .7 32) (0 . 099) 
** ..E. <. • 01 
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Table D8 
x-ratios and mean square (MS) error terms for analyses of 
variance comparisons of the test performance of control 
(non-trained) and experimental subjects (l day Retention Interval), 
Experiment j. 
Source 
Exp. vs. Control (EC) 
Drug Treatment (D) 
EC x D 
Test Condition (c) 
EC x C 
D X c 
EC x D x C 
MS , S /E C x D X C 
Trials ( T) 
EC x T 
D x T 
EC X D X T 
c X T 
EC X c X T 
D X C X T 
EC X D X c X T 
MS,S/EC x D x C)x T 
Discrimination Units 
EC x U 
D Xu 
EC X D x U 
C XU 
EC X c X u 
D X C X U 
EC X D X C x U 
MS,(S/EC x D x C)x U 
df 
l 
l 
l 
.3 
.3 
3 
.3 
100 
.3 
3 
3 
3 
9 
9 
9 
9 
300 
(U) 5 
5 
5 
5 
15 
15 
15 
15 
500 
Trials X Units (T Xu) 15 
EC x T x U 15 
D X T X u 15 
EC x T x U 15 
c X T X u 45 
EC X c X T X u 45 
D X C X T X U 45 
EC X D X c X T X u 45 
MS,(S/EC x D x C)x T xU 
1500 
Choice 
Error 
0. 84 
0.260 
0.030 
7.64*** 
26.31*** 
0.90 
l. 74 
(0.306) 
28 . 890*** 
1. 36 
0.15 
0 . 39 
0 . 46 
l. 53 
l. 30 
0 .76 
(0 . 215) 
5 .03*** 
0. 85 
7.57*** 
0 . 68 
2. 87** 
l. 59 
0 . 667 
2. 87** 
(0.207) 
1. 89* 
2.02* 
2.06** 
0. 85 
1. 08 
l. 37 
l. .3 7 
0 . 85 
(0.188 ) 
* .E.<.05 ** p < .01 
Repeated 
Error Latency 
0.90 8 .91** 
0.15 0 .75 
1.76 1.59 
2.16 1. 44 
7 • .37*** 11.92*** 
1.44 l. 21 
1. 22 0 . 0.30 
(0.174) (211.24) 
16.40*** 
0.54 
o. 59 
0.42 
0 . 27 
2 • .37* 
0 . 98 
0 . 55 
(0.167) 
2.26* 
0.58 
0 . 5Ll 
0 . 45 
l. 35 
l. 52 
0 . 9.3 
1.20 
( 0 .1 55) 
2 . 81*** 
0 .78 
0 .6 5 
0.92 
0 . 99 
1.50* 
1. 01 
1.19 
(0.164) 
112. 76*** 
19.94*** 
0 . 23 
0 . 93 
l. 6<3 
2. 60** 
l. 52 
0 . 84 
( 11 5. 634 ) 
*** p<.001 
:.l;l 
Table D9 
~-ratios and mean square error (MS) terms for the 
analyses of variance comparisons of the first test 
trial choice error responding of control (non-trained) 
and experimental subjects ( 1 day retention interval), 
Experiment 3. 
F-ratios and MS error terms 
Choice Error Responding 
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Source df First 3 Units Final 3 Units 
Exp. vs. Control (EC) 
Drug Treatment (D) 
EC x D 
Test Condition (C) 
EC x C 
D X c 
EC x D x C 
MS, S/EC x D x C 
* 
** 
E.. <. 05 
E. <. • 05 
1 
1 
1 
3 
3 
3 
3 
100 
0.473 
3.692 
1.293 
2.023 
1.387 
0.417 
0.111 
(0.708 ) 
0.250 
10.319 ** 
0.000 
1. 232 
3.092 * 
2.164 
1.438 
(0.611) 
~ 
'rable DlO 
~-ratios and mean squar e (MS) terms for the analyses of 
var iance comparisons of the first test trial repeated 
error responding of control (non-trained) and experimental 
subjects (1 day retention interval), Experiment 3. 
F- ratios and MS error terms 
Repeated Error Responding 
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Source df First 3 Units Final 3 Units 
Exp. vs. Control (EC) 
Drug Treatment (D) 
EC x D 
Test Condition (c) 
EC x C 
D X C 
EC x D x C 
MS, S /EC x D x C 
* 
*** 
12.<.05 
l2. < .001 
1 
1 
1 
3 
3 
3 
3 
100 
0.097 1.342 
0.002 0.919 
2.637 1.340 
1.304 1.951 
5.660 *** 2.587 * 
1.765 0.302 
1.428 2 . 514 
(1.147 ) (0 . 471) 
'--
Table D11 
E-rat ios and mean square (MS) error te r ms fo r 
the analyses of vari ance per fo r med on t he test 
dat a of cont rol ( non-t rai ned) subjects, Expe r iment 3 . 
Sour ce 
Drug Tr eatment (D) 
Test Condi t ion (c) 
D X c 
MS , S/:D x C 
Test Tr ials ( T) 
:D :x: T 
C X T 
:DxCxT 
Ms,(s/ D x c) x T 
Maze Units (U) 
1) X U 
C XU 
D X C XU 
Ms,(s/n x c) xu 
Tr ials :x: ·Units (T Xu) 
D X T Xu 
c X T Xu 
DxCxTxU 
Ms ,( s/n x c) x T xu 
* 
** 
-!:-** 
12 < • 05 
12 < • 01 
1? < . 001 
df 
-
1 
3 
3 
44 
3 
3 
9 
9 
132 
5 
5 
15 
15 
220 
15 
15 
45 
45 
660 
Choice Repeated 
Error Error Latency 
0 . 05 0 . 62 2. 00 
25 . 93 *** 1. 20 7 . 29 ** 
1.46 0 . 98 0 . 71 
(0 . 330) ( 0 . 114) (215 . 21) 
17 . 04 *** 17 . 45 *** 118 . 04 *** 
0 . 41 0 . 39 0 . 55 
0 . 65 1.119 2 . 55 ** 
1.03 1.21 1.17 
( 0 . 227) (0 . 095) (99 . 08) 
2 . 07 2 . 53 * 
2 . 95 * 0 . 37 
2 . 80 *** 1. 74 * 
1. 72 * 1 . 86 * 
(0 . 156) (0 . 081) 
1. 93 * 2 . 11 ** 
l. 30 1.06 
l. 31 1. 32 
1.07 1. 68 ** 
( 0 . 179 ) (0 . 092) 
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